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Notes
I am a practising architect as well as an educator in 
architecture. In this writing, I use the word ‘we’ to refer to 
my relationship with the reader of this dissertation. The word 
‘I’ reflect my personal stance, interpretation, opinion and 
analysis. ‘My’ practice, refer to the practice of LLDS, Power to 
Make (PTM) and Architectural Research Lab (ARL). To remove 
wordiness, LLDS stands for all three entities which were set up 
by David Leggett and I. ‘My’ teaching refers to subjects and 
design studio I coordinated and lead; tutors and teaching 
partners often support this. I use the word ‘us’ and ‘our’ to 
reflect the collaborative work undertaken in practice and 
teaching. Architecture in this dissertation refers to the discipline 
of architecture design and construction. Architectural refers to 
something relating to architecture, for example, architectural 
education, and architectural thinking.
The notes and references in the Endnote are used to enhance 
my argument in this dissertation. First, I used the Endnote to 
demonstrate the extensiveness of references associated with 
the argument, thereby giving the argument a more nuanced 
account. Second, it provides another layer of narrative that 
may otherwise clutter the primary text. The bibliography 
capture all the references used in the entire dissertation.
Consent to collect, use and publish images of student’s 
project in this dissertation, as well as permission to participate 
in interviews and use of photographs collected through the 
interview were approved under RMIT ethic approval: CHEAN B 
0000018963-10/14 (Appendix D).  
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Abstract
Advanced digital fabrication has coupled virtual design 
modelling and material prototyping in new ways. This has 
permeated the discourse of architectural teaching, research 
and practice. A complicated relationship between the 
production of architecture and digital technology emerges 
especially when examined through the medium of making. 
Making is typically seen as an activity that is a means to an 
end: to achieve a built outcome. I have researched whether 
the activity of making can be a generative design process in 
its own right; a knowledge-generating activity.
In this dissertation, I reconsider the relationship between 
contemporary tectonic culture and digital fabrication in what 
I call a ‘digital material practice’. This is a model of practice 
that employs the act of making and digital fabrication as drivers 
for its generative design process. The fabrication workflow, 
prototypes and tools emerge as critical agents. These agents 
have an agentive capacity to deliver what I call affordances 
for design. Affordances produce emergent aesthetic values 
that contribute to the formulation and negotiate architectural 
design intentions through a continuous feedback process. 
These values are uncovered during and after the act of 
making. 
Through reflective practice and autoethnography research 
methodology, the research is investigated through my 
design practice: LLDS. The practice embraces design and 
fabrication through deploying design strategies rooted 
in the making process, namely procedural logic, iterative 
prototyping and material interfaces. Interviews with 
contemporary craft practitioners allowed me to understand 
the role of tools and their associated agency for design. 
When applied to architectural practice, such agency 
challenges the traditional hierarchy of design intention to the 
outcome, with the potential to create novel aesthetics. This 
has a profound impact on my understanding of the making 
activity in design practice and architectural education. 
 
My contribution to knowledge in this dissertation lies in 
extending the practice of continuous designing in architecture 
through the agency of making. I have investigated this through 
theory and through practice to demonstrate how affordances 
for design engendered through making enable the architect 
to formulate, negotiate and alter design intentions also through 
making. The implication of digital material practice demands 
a new engagement with the way we work with prototypes. 
The method produces new intricacy in architectural detailing 
and aesthetics. 
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1.0 Introduction
The act of making is deeply ingrained in the production 
of architecture. From the making of physical models as 
representational and conceptual devices to the fabrication of 
architectural components for building, the making of physical 
artefacts transforms design intention from abstraction closer 
to a physical realisation. With the aid of computer numeric 
controlled (CNC) machinery, digital fabrication has come to 
define an era of unprecedented capability to manipulate 
material. While critics have claimed the automation of making 
seemingly removes the maker from the process, the question 
remains whether the design capacity associated with 
making is also absent1. How far is the act of making merely a 
reproduction of architectural design intent in contemporary 
practice, or to what extent can it be a generative design 
activity that can produce new knowledge? 
This dissertation considers the relationship between making 
and architectural design intention through design research 
and reflective practice. I argue that the framework for design 
intention, driven through the making process, is neither 
governed by a top-down singular idea nor a bottom-up 
search procedure. Instead, it relies on continuous feedback 
in the modelling through making procedure where decision-
making is based on emerging aesthetic values. These values 
are uncovered during and after the act of making in the form 
of experiential learning for my practice, acting both in the 
role of an architect and a maker. I argue that making can 
generate affordances that are useful for design. What it affords 
can ultimately modify the intention of a designer. The process 
of unpacking new knowledge through making is incremental, 
continuous and negotiates multiple factors through a process 
of co-rationalisation. Prototypes, tools and scripted workflows 
become agents of my practice. This research investigates 
how architectural design intention can emerge, develop and 
be subject to negotiation through the agency of these three 
agents with affordances as the agency.
This dissertation bridges the gap between the discourse 
around tectonics culture and digital fabrication in 
architecture, and the emerging field of design enquiry in open 
source, do-it-yourself making. The critical context of making 
and digital manufacturing has evolved over the past 40 years, 
from David Pye’s ’workmanship of risk’2 to McCullough’s 
abstraction of craft3 using the computer and, more recently, 
the ’critical making‘ of Matt Ratto4. It is within this evolving 
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context that I locate this research, examining contemporary 
practice using digital fabrication. I have articulated this new 
modus operandum as digital material practice. It outlines 
how making and technology can have agency in the design 
process to impart tacit knowledge through affordances. This 
results in continuous designing within my practice. The same 
ramification can be extended to understand making as a 
pedagogical model in architectural education. 
As Frampton observes, 
architecture practice has little choice but to embrace 
what one may call a double hermeneutic, one that, 
first, seeks to ground its practice in its own tectonic 
procedures, and second, turns to address itself to the 
social and to the inflexion of what Hannah Arendt 
termed ’the space of public appearance’.5 
This thesis aims to drill deep into the tectonic procedure of my 
architecture practice to uncover its voice. LLDS is a design 
studio that places digital fabrication and making at the core 
of its business. The practice operates its own CNC machinery 
for the manufacturing of its design outputs. It has a portfolio 
spanning architecture, interior, joinery, furniture and tool 
making. 
Through case study projects, I will examine the making of 
material artefacts and how making procedure can serve as 
a generative activity for our design process. I will consider 
the affordances generated in prototypes, tools and scripted 
workflows. Using design strategies rooted in making and CNC 
fabrication knowledge, I formulate an emergent architecture 
practice; a practice that attempts to establish a particular 
set of relationships with digital fabrication, and utilises 
computational processes and physical making as concurrent 
drivers. 
1.1  My Motivation 
In 2001, I first encountered and used a three-axis CNC router 
in the workshop of the Architectural Association, School of 
Architecture in London. We attempted to make an MDF mould 
to vacuum form HIPs plastic which was then painstakingly cut 
out by hand (see figure 1.00). The model comprised a series of 
ruled surface floor plates for a speculative housing project at 
the Design Research Lab (DRL). My subsequent projects using 
a CNC machine were not until 10 years later in 2010–2011. 
Two projects were completed using a five-axis CNC router: 
a timber pavilion structure with Buro Happold6 and a table 
made in the workshop of London Metropolitan University7 (see 
figure 1.01). The engagement with CNC tools in both projects 
was superficial. The machine was used as a means to an 
end; to manufacture the desired geometry and to exploit its 
accuracy as a non-labour intensive process. In both projects, 
the CNC components were assembled by others. The table 
was installed by an experienced cabinet maker and the 
pavilion by a team of expert contractors. The design team 
had little to do with the machining and fabrication process; 
we were as hands-off as conventional design practice 
trapped in the rhetoric of design information management8. 
The industrialisation of material production had separated the 
manager from the labour. In architecture, Leon Battista Alberti 
provides a precedent of this separation for the profession in 
the 15th century9.
Architecture practice is often detached from the fabrication 
process because of the risk of the adverse contractual 
relationship and the linearity of building design to the 
construction process. Common practice is to design using 
materials or products from a predefined catalogue10. When it 
comes to bespoke components, in most cases, the architect 
will draw up the design for the specialist fabricator to resolve 
the details, commonly witnessed in joinery, cladding and 
concrete packages with the architect’s drawings labelled 
‘Design Intent Only’. In the last two decades, we have seen 
the rise of ‘expert’ practices that occupied this space to 
bridge the knowledge vacuum for architects and their design 
intention; predominantly in the area of complex geometry 
utilising digital fabrication11. In more progressive practice, 
one seeks out industry collaboration at pre-planning or 
early concept and detail design stages. The extent of this 
collaboration ranges from ‘rule of thumb’ advice to seeking 
fabricators’ input to construct a prototype, which often 
involves fabricators working outside their regular workflow12. 
Increasingly, practices have attempted to bridge this gap in 
a meaningful way. The office of Kieran Timberlake, ShOP and 
Frank Gehry have put digital fabrication into the practice by 
changing the culture of the profession13. 
Figure 1.00. Thermoformed HIPS 
using CNC mould for Master degree 
Submission at the AA Design Research 
Lab.
Figure 1.01. Top, Detail of To and Fro 
Table. Middle, Table designed to 
create an atmospheric effect on the 
interior. Bottom, Times Eureka Pavilion 
at the 2011 Chelsea Flower Show. 
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Upon my return to Australia I set up LLDS with David Leggett, 
and the first thing we purchased was a three-axis CNC router. 
As I embarked on my PhD journey, two questions became 
more pressing than any others: How does making contribute 
to our design process? How does this make our work unique 
among our peers? The motivation of this PhD is to re-align my 
experience in digital fabrication with new knowledge from my 
practice, to question and develop an understanding of the 
generative capacity of making in design14.
1.2 Background of PTM, LLDS and ARL 
The design projects discussed in this dissertation are from a 
body of work undertaken by my practice. David Leggett and 
I founded LLDS in 2012. The company has a manufacturing 
arm called Power to Make (PTM). In 2017, we incorporated a 
third business entity called, Architectural Research Laboratory 
(ARL). 
The name Power to Make implies the potential to make 
objects and, in a sense, anticipates a future vision of design 
and making. Our ethos is to capitalise on digital technology 
to produce highly crafted objects and components that are 
customisable and yet economically comparable to mass-
produced or off-the-shelf products. This ambition is extended 
both into our furniture design as well as our architectural 
projects (see figure 1.02). ARL investigates material research 
which feeds into the workflow of PTM and LLDS. It also carries 
out material research for other design practices. In addition 
to furniture design and manufacturing, PTM provides bureau 
services for CNC routing as well as collaboration with other 
architects, artists and designers to realise more challenging 
projects (see figure 1.03). At times, we are employed 
directly by the contractor to complete design, fabrication 
and installation work (see figure 1.04). Appendix A contains 
selected projects by LLDS and outlines its background and 
procurement process. Figure 1.05 illustrates the relationship 
between the three business entities that constitute my 
practice.
The practice occupies a 500-square metre factory unit 
consisting of an office and workshop space in Preston, seven 
kilometres from Melbourne CBD. The workshop is equipped 
Figure 1.05, Three aspects of 
my practice capturing design, 
manufacturing and research.  
 
Figure 1.06, PTM workshop with CNC 
router on the right.
Figure 1.02. Right, top. PTM Furniture 
collection 2016-17.
Figure 1.03. Right, middle. EcoWorld 
showroom ceiling consisting of 3000 
components. Design by Woods 
Bagot. Contractor: Westbank 
Constructions. Parametric consultant: 
PTM.
Figure 1.04. Right, bottom. GPT 
reception desk in collaboration with 
BVN architects. Consisting of 1600 
components fabricated and installed 
by PTM.
During 10 years of practice in the UK (2002-2011), I have 
‘dipped my toes’ into various approaches to fabricating 
the bespoke across multiple scales. However, none is 
reflective of my practice, LLDS. My early experience with 
digital fabrication taught me the capacity of specific CNC 
tools and how to set up protocols for ‘file-to-production’ 
procedure. More importantly, I saw the potential of CNC tools 
to radically transform design practice. I asked, what if my 
practice could fabricate the architecture components that 
we have designed? What if we could bypass other agents 
so we could develop, test and iterate in design through the 
making process? 
020
with a three-axis flatbed CNC router, a seven-axis 2.4 meter 
reach KukaTM robotic arm, industrial ovens and other wood 
and metal machinery. The workshop contains a 48-square 
metre research space for building electronic prototypes and 
a wet area for concrete and plaster casting. 
The nature of our work is bespoke and one-off. When 
collaborating with other architects on manufacturing 
components, we provide a solution to the fabrication process 
by scripting the manufacturing workflow15. When it comes to 
our architectural projects, the workshop is used as an active 
ground for prototyping, testing assembling procedure and 
pre-fabrication of components. Concurrently, there is a keen 
interest in the practice to conduct material research. Material 
research tends to arise through non-linear trajectories 
between design competitions, architecture commissions 
and academia. I have selected five design projects as case 
studies for our discussion (see figure 1.07):
1) Textile Café, completed in 2017.
2) Wakeford Hall, 2017, an open-competition awarded 
first-prize.
3) Parametric Adjustable Mould (PAM), research project, 
2016-2019. 
4) Houses #13, completed in 2018.
5) House #05, on-site in 2019.
Throughout the PhD, the development of these projects 
progressed concurrently with the cross-pollination of ideas, 
techniques and modes of enquiry. 
My involvement in academia is critical in shaping the 
experimental nature of our work. Academia is a privileged 
space for material and spatial enquiries beyond the constraint 
of everyday practice. During my PhD, I have had a part-
time appointment at the Melbourne School of Design, the 
University of Melbourne. I coordinate undergraduate level 
subjects with digital content, and since 2012, David Leggett 
and I have led a Masters-level design studio investigating the 
role of technology in design (see figure 1.08). Therefore, it is 
essential for me to discuss this dissertation in the context of 
architectural education as well as in practice. 
Figure 1.07. [A] Textile Cafe for 
Denfair, temporary structure. [B] 
Wakeford Hall Design Competition. 
[C] Parametric Adjustable Mould 
(PAM) [D] House #13 completed in 
2017. [E] House #05. 
[A]
[B]
[C]
[D] [E]
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1.3 Structure of the dissertation 
The dissertation consists of an introduction, four chapters and 
a concluding chapter. Each section progressively builds the 
arguments of the dissertation, referencing design projects 
as evidence to include their methodology, workflow and 
procedure. The case studies are highlighted with a coloured 
background, so I can discuss the critical argument through 
the work. Appendix A contains project descriptions as 
background information about the project, and I encourage 
the reader to refer to them as they encounter the individual 
design projects. It is also worth noting the Glossary, as it expands 
on the definitions and etymology of key terminologies used. 
This chapter sets up the framework around the dissertation. It 
introduces my practice, outlines my motivation for this PhD and 
my research methodology before providing a background 
on CNC technology. Here, I begin formulating my research 
questions on the generative nature of making. Through 
identifying different approaches using digital fabrication in 
architectural practice, I highlight how digital fabrication is 
used in relation to the design intent of a project in research 
and practice. I put forward my hypothesis for a new approach 
to digital fabrication: digital material practice.  
In Chapter 2, I discuss tectonic culture in architecture and the 
emergence of digital craft in late 20th century architectural 
discourse. I identify my community of practice and make 
distinct the voice of my practice and the original territory it 
occupies. Through case studies projects, I illustrate how design 
strategies rooted in making can produce affordances for 
design through scripted workflow and prototyping process. 
It defines my practice as existing in action through design 
strategies.  
The third chapter examines the tool as a critical agent of 
design. Here, I foreground a piece of field research conducted 
in the course of this PhD in which I interviewed leading craft 
practitioners in Melbourne, Australia. The interviews are useful 
in understanding the relationship between craft practice and 
their use of tools. From this I draw parallels to digital fabrication 
practice and set up a new relationship between making and 
designing. Through two case studies, one utilising tooling for 
design and the other a tool making project, I explore the 
agentive capacity of the tool to deliver new knowledge. 
I observe the radical inversion of traditional workflow from 
design intention to outcome. The chapter concludes by 
reflecting on the various forms of agency a tool affords in the 
design process.
Chapter 4 extends the theoretical framework of making as 
a form of learned experience. In this chapter, I make sense 
of the role of prototypes, toolkits and probes as a mean to 
scaffold design knowledge and learning. This experiential 
learning is made evident through pedagogical projects, 
evident in students’ work from undergraduate and master-
level design studios I have led. 
Chapter 5 refocuses the arguments made in the previous 
chapters to my practice.  Here, I reflect on the sense of 
agency that operates across my digital material practice: 
the emergence of aesthetic values, the co-rationalisation 
of materiality as architectural form and the network of 
relationship that support a continuous designing environment. 
I conclude by discussing where craftsmanship lies in digital 
material practice.  
The conclusion synthesises the arguments and reflects on the 
significance and contribution to knowledge in this dissertation. 
I extend the discussion to look at the implications of this 
research on teaching and future practice. 
1.4 Methodology  
Christopher Frayling coined the term research through (or 
by) design16. Design research methodology can be either 
‘research for design’ and ‘research about design’17. In 
this thesis, both categories of research exist. Research for 
design is evident in the case studies that examine material 
experimentation, tool making and design influences to 
generate new knowledge for specific projects and sometimes 
general design frameworks.  Research about design is the 
governing aim of this dissertation. The dissertation reflects 
on how my practice operates through design strategies, 
how craft practice can influence design practice, and 
how making influences design outcome and vice versa; in 
other words, research into what architecture practice and 
education could be like if making is the primary driver. 
Figure 1.10. Non-linear design process 
moving between scripted workflows, 
prototypes and tools.
Figure 1.08. Machining Aesthetics 
Master level design studio led 
by Paul Loh and David Leggett. 
The Studio explored the role of 
technology in design since 2012.
Figure 1.09. Fabrication research using 
a  robotic manipulator arm conducted 
in a laboratory environment.
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As Downton contends,  
 
In design for any given project there is an interactive 
process by which some direction is embarked upon 
and the basic research is undertaken to enable that; 
then as the designer learns more through the processes 
of designing, new research for design becomes 
necessary, first to help form new ideas and then to 
produce new information to continue to the testing of 
new ideas. 
Here, I am interested in continuous designing or the feedback 
and production of new ideas through making. This is often 
described in academia and research as thinking-through-
making, where thinking and making alternate back and forth 
in rapid iterations to construct knowledge18. Yet, how this 
operates in practice is rarely discussed.
In this dissertation, I have used reflective practice and 
autoethnographic research methodology19. Here, I treat 
our design projects, prototypes and workflow as case 
studies that can be analysed, dissected and examined. 
The analysis is documented using diagram, which allows 
me to construct new and sometimes quasi relationship 
between the various knowledge extracted from the case 
studies, contemporary theories, and my community of 
practice. Through repetitive testing of these relationships 
on multiple projects, I would re-articulate and refined the 
various diagrams as presented in this dissertation. Through 
an autoethnographic research methodology, I reflect on 
my practice and demonstrate through design research my 
contribution to knowledge as outlined in section 6.4 - the 
agency of making and its effect on the praxis of my practice.   
1.4.1 Research activities 
The project-based research encompasses a range of research 
activities20 in the background which includes precedent 
studies, practical demands, regulatory constraints, ergonomic 
studies, and material research: the knowing-in-doing of a 
designer. In PAM, the research is scientifically conducted in a 
laboratory environment with a hypothesis, aim and measurable 
outcome; that is, a machine that either works or does not 
work (see figure 1.09). When it comes to design projects, the 
Figure 1.11. Mapping of critical 
literature to the dissertation, refer to 
figure 3.01 for enlarged detail.
Figure 1.12. Mapping of my 
community of practice, refer to figure 
2.03 for detail.
Figure 1.13. Semi-structured interviews 
with leading craft practitioners in 
Melbourne, Australia.
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as a reflection on action, where one can start to criticise ‘the 
tacit understanding that has grown up around the repetitive 
experience of a specialised practice and can make new 
sense of the situations of uncertainty or uniqueness’24 of the 
practice. The reflection on tacit knowledge in the making–
design process allows me to unveil design strategies and the 
tectonic procedure of my practice, to borrow the term from 
Frampton. Experimentation in material and design enables 
me to generate new knowledge to better understand, or 
problem set,25 my design context, with the aim to stimulating 
active changes that trigger a continuous evolution of the 
practice scaffolded by theoretical understanding. The design, 
artefacts and experiments as research outcomes are but one 
instance of this ‘machine’. 
1.4.2 General concept and borrowed terminology 
This dissertation is influenced by the philosophy of system 
theory. Developed by Ludwig von Bertalanffy, system theory 
constructs a general theory of science based on a system 
approach applicable to multiple disciplines26. It is invested in 
the study of organisation within the system (see Glossary for 
expanded definition). I have used theoretical frameworks 
based on system theory to articulate critical arguments in 
this dissertation such as the study of agency (rooted in actor-
network theory27), material engagement (in archaeology28), 
experiential learning (in pedagogy29), and the adaptation of 
words like affordance (rooted in perceptual psychology30) 
and strategy (rooted in military study). Other system theory 
concepts and terminologies used throughout this dissertation 
include structural coupling31, performance32, background33, 
and system34.
In architecture theory throughout the 20th century, there 
is a tendency to borrow or misuse terminology from other 
disciplines. In this dissertation, I have only borrowed terminology 
that maintains its domain-specific meaning and extend its 
implication to design. I have avoided the used of metaphor in 
my writing and design projects. In this sense, my philosophical 
position in architecture is more influenced by Deleuze than 
others, whereby I believe architecture as a material system 
can produce its own discussion. I will continue this argument 
in Chapter 2. 
Figure 1.14. Analysis diagram that 
extract key information from the 
semi-structured interviews.
development is hectic, non-linear and often concurrent (see 
figure 1.10). What is of interest is the workflows, procedures 
and strategies. These activities contribute to formulating the 
emerging practice of LLDS.
In addition to the design research, I also conducted field 
research and textual analysis. This includes a mapping of 
critical literature, my community of practice and a series 
of semi-structured interviews with contemporary craft 
practitioners. 
The critical literature charts the changing context of my 
research. The maps position my design research at the nexus 
of four areas: craft, art, architecture, and technology (see 
figure 1.11). The map identifies two critical moments in my 
PhD. First, the mapping of critical literature foregrounding 
the position of David Pye’s writing in contemporary discourse 
in digital fabrication21. Second, it led me to question the 
singular voice in the discourse and prompted my research 
into other readings of making, and its relationship with digital 
fabrication. As Professor Donald Bates pointed out in my 
completion seminar, ‘Why is there a surge of new literature on 
making over the last 5 - 6 years? Why now, and how does this 
make your practice relevant?’22
The community of practice charts the direct and indirect 
architectural influences on my practice (see figure 1.12). I 
know some of these figures well through first-hand interaction, 
having met through lectures and design reviews. I have 
encountered the work of others through publication because 
their projects resonate with my design agenda.  
I have also conducted semi‐structured interviews with five 
contemporary craft practitioners (see figure 1.13). This 
research valuably allows me to understand craft practice 
through a first-person experience. I visited the practitioners’ 
studios and asked them a consistent set of questions which 
were recorded and transcribed. The answers were analysed 
and critical moments annotated as diagrams to look for 
similarities and differences in the practices23 (see figure 1.14). 
I have reflected on their practice to understand the role of 
tools in defining the repertoire of their craft.
These research activities have allowed me to interrogate 
and capture the tacit knowledge of my design practice and 
question the relationship between making and the design 
process. Donald Schon describes the examination of practice 
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However, there are specific phenomena that are not 
adequately developed in the discipline of architecture, 
such as the study of perception or other specific activities. 
As I claim, this dissertation is concerned with research about 
design, and I found myself needing to borrow discipline-
specific terminology to scaffold my argument. There are three 
keywords that I will use as examples. 
I use the word ‘affordances’, a term borrowed from 
perceptual psychology, to describe the potential offered by 
an object, space or system. James Gibson who coined the 
term affordance in perceptual psychology remarked that 
‘Architect and designer know such facts, but they lack a 
theory of affordances to encompass them in a system’. I have 
extended affordance to describe opportunities that arise in 
an abstract system like the designing process. We will discuss 
how affordance is used in design in Section 1.7.
The same can be said about the word, ‘strategy’, which is 
a term rooted in military study. In architecture, it is typically 
used to define a set of practices or actions used in the design 
process to devise formal or a planned outcome ( see Glossary 
for etymology). Stan Allen, adapted this to describe his 
practice because the act of planning out design in advance, 
or at a distance, is very much how an architect operates in 
practice35. 
Lastly, the word ‘agent’ and ‘agency’ are specific to actor-
network theory. Again, this is borrowed terminology frequently 
used in architecture. In this dissertation, I argue that making 
is a form of design agent within an abstract system such as a 
design process. We will later discuss the various agents used 
in my practice and their associated agency that is useful for 
design. In Chapters 3 and 4, I will continue the discussion on 
the agency in relation to design intention.
Although these three terminologies have their roots in another 
disciplines, I considered it appropriate to use them in an 
architectural design context because their descriptions are 
useful in scaffolding and communicating my arguments.
1.5 Brief Background of CNC Technology 
The CNC machine was first demonstrated in 1952 through 
the pioneering research of John Parsons and engineers at 
MIT’s Servomechanism Laboratory36. Parsons had successfully 
tendered to produce rotor blades for the Bell Helicopter 
commissioned by the US Air Force. Parsons’ idea was to 
develop a two-axis milling machine using an IBM calculator 
to compute 200 points along the edge of a contour and for 
a machinist to manually move the platform into the desired 
coordinate and drill the holes, repeating the process to form 
the shape. This procedure was automated using numerical 
instruction with a punch card37. The machine intended to solve 
the problematic and expensive machining of the airfoil parts, 
such as wing surfaces and engine blades, which required an 
integrated stiffened section to reduce weight and variable 
skin thickness.
Before this, intelligence in machine tool design was partial. In 
1801, Joseph Marie Jacquard exhibited an automatic loom 
controlled by paper punch cards38. As early as the 17th century, 
machine processes such as drilling, bending and cutting had 
been enhanced with steam and wind power39. However, the 
accuracy of the machine tool was only as good as the quality 
of the tool itself, which was mainly fabricated by hand. The 
making of precise machine tools did not appear until the 
early 19th century. In Joseph Bramah’s 1802 patent, there was 
a description of what seems to be the first mechanised lath, 
which was later deployed to turn timber with a similar system 
used to plane metal surfaces40. Subsequently, mechanised 
tools used were fitted with ‘self-acting’ systems such as stops 
and automatic feeds, exemplified by the automation of 
production lines in Ford Motor Company plants in Cleveland 
and Buffalo, USA41. In the 1930s, the more sophisticated 
sensing device, traced by hydraulic and electronic means 
was used to convey information to the cutting tool to enable 
reproduction of an artefact. The production workflow was 
based on replicating the action and skill of the machinist42. 
In the 1940s, this was developed into a playback system 
recorded on magnetic tape, developed by General Electric 
and Gisholt43. The development of sensing devices and an 
accurate servomotor in the 1940s provided the platform for 
an engineer to automate a machine tool. 
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The machine tool was typically general purpose and was 
designed to be versatile for primary production purposes, 
usually for small batch and low production parts such as lathe, 
saw and router44. The challenge, as Noble points out, was to 
automate the machine tool, so it retained the flexibility of the 
machine without turning it into single-purpose equipment. The 
strategy was to use a medium to capture the information that 
could relay back to the device; so, to change the part in the 
production, one merely needed to change the information 
on the medium instead of the overall machinery setup. This 
was known as flexible manufacturing systems in the 1960s.
To automate a machine, Noble outlined two components. 
First, there must be machine controls - a means to transmit 
information to the device - to make the gantry or table move. 
Second, a way to transfer the information to the medium 
that communicates with the machine - a program. The first 
is an evolution of a mechanical system outlined above from 
the steam-enhanced machine to the development of the 
servomechanism. The second, as Noble’s research reveals, 
was developed by the US Air Force. 
Between 1939 and 1949, the US Air Force spent at least 
USD 62 million in the research and development of NC 
machine tools including full subsidies of over 100 machines 
to their primary and sub-contractor45. Notably, as CNC 
machines were so heavily subsidised by the US government, 
there was little concern over the cost-effectiveness of the 
system for the commercial workshop. With the widespread 
implementation of NC machinery in the aerospace industry, 
programming of the machine became a significant task. 
Early programs for the machine were manually prepared 
and as Hope describes, were ‘essentially subroutines for the 
particular geometric surface’46. Automatically Programmed 
Tools (APT), designed by a team lead by Doug Ross in 1956, 
was the first CNC program that moved from subroutine 
programming to a ‘systematised solution’ where cutting 
tools were moved to coordinates; the foundation of G-code 
used in the contemporary CNC machine. Hope expounds, 
The APT system was flexible, fundamental, a basic 
system for up to five-axis control. The Air Force was 
in favour of the system because of its flexibility; it 
allowed for quick mobilisation, rapid design change, 
and interchangeability between machines in a plant, 
between users and vendors, and between contractors 
and subcontractors47. 
By 1958, Patrick Hanratty developed the first commercial 
computer-aided design (CAD) and computer-aided 
manufacturing (CAM) software called PRONTON which 
formed the foundation of contemporary programming 
language48. 
This brief history of the CNC machine highlights the intent 
of the device for manufacturing engineered parts. It also 
identifies two areas that are relevant to our discussion. 
First, the machine control and its program are critical in 
communicating information to the machine to describe 
the physical geometry of the parts. The development of 
the CNC device demonstrated that it further separated the 
tacit knowledge of making into techniques, tool and motion 
through programming. 
Second, subsidies by the US Air Force had a profound 
impact on the social and economic framework around the 
technology. The lack of competition in the development of 
CNC machinery during the 1950s delayed the effect of the 
technology in the manufacturing sectors. Noble outlines 
several other social and management issues associated with 
the deployment of the CNC machine in the manufacturing 
industry49. Primarily, the separation of the maker’s roles into 
the manager and the labourer. The manager became the 
keeper of information knowledge, procedure and logistics, 
while the labourer was the owner of skills and mastery of 
tools. In architecture, we have seen a similar separation of 
the architect’s role conditioned by the division of labour in 
the fabrication and assembly of buildings in the 19th and 20th 
centuries. 
Providentially, the very same technology that caused this 
separation now allows a more direct relationship between 
information and production. William Messer highlights, that 
this transformation marks ‘for the first time humanity’s ability 
to use abstraction as more than simply a container or vessel 
of intent’. CNC technology is now one of the most disruptive 
technologies impacting the design discipline. As Diebold 
relates, any technological innovation brings with it three 
phases of change: the first is to mechanise what we did 
yesterday; the second is what it does change, the realisation 
of the change we have made; and finally, how these changes 
impact on our society50. 
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1.6 Making  
Making51 is the primary activity on which all architectural 
production is based; the making of space, form and 
atmosphere through material means52. As Kolarevic notes, 
‘Architecture as a material practice implies that making, 
the close engagement with material, is intrinsic to a design 
process.’53 Kant described making as empirical cognitions 
or posteriori knowledge54 that is dependent on experience 
or practical knowledge55. In this writing, making refers to the 
action or activity of building, assembling, moulding, shaping 
or producing something. More precisely, making is based on 
a sequence of repetitious acts, incrementally forming objects 
with meaning56. It implies a procedural understanding of how 
to go about a specific operation usually enacted by a maker 
or performed through a CNC device. This type of procedural 
knowledge is called tacit knowledge57. This knowledge is 
learned through experience and enacted through action. 
The word ‘making’, implies a broad context. Unlike ‘craft’58 
or ‘crafting’, the meaning is more precise and less loaded 
with cultural references. For example, to craft, something 
already implies the object is well made and of particular 
workmanship. To make something does not indicate whether 
it is well made or poorly assembled; the question of aesthetic 
value is excluded from the judgement. In the context of 
this dissertation, making refers to both manual making and 
making using CNC devices. As architects, we make models, 
and prototypes to test our ideas and validate our hypotheses, 
and sometimes our imagination. 
The hypothesis of my PhD is to examine making and question 
if it can be a generative activity in the design process. I 
propose that the act of making using CNC devices can 
produce affordances as an agency to modify and inform 
design decisions, aesthetics values and architectural 
design intention. The following chapters will unpack how 
affordance using prototypes, tools and scripted workflows 
as agents can generate design and inform practice. 
1.7 Affordance
 
James Gibson proposed an ecological perception of our 
environment as an alternative to cognitive approaches. In 
his more inclusive theory on perception, which does not just 
privilege the visual, affordance is highlighted as a critical factor 
in describing an environment and space for inhabitation. 
Gibson contends, ‘The affordances of the environment are 
what it offers the animal, what it provides or furnishes, either 
for good or ill … An affordance points both ways, to the 
environment and to the observer.’59 For example, a flat and rigid 
plane provides affordance for support as a ground condition 
for the user. The flatness supports walking and the rigidity 
supports the weight, which is relative to the size of the animal.  
 
Here, I have identified three characteristics of affordance 
relevant to this writing. First, affordance of an object is not 
just the physical properties but the perception of what it 
can afford or deliver60; the perception of affordance is a 
compounding effect which includes the physical form of the 
object as well as its properties. Second, affordance implies 
that ‘the “values” and “meanings” of things in the environment 
can be directly perceived’61; these values are based on 
what you see, touch or sense and nothing more. Together 
with the first characteristic of affordance, it is therefore not a 
subjective reading of perception of the object. William Gaver 
suggests that the culture and experience of a person can 
highlight certain affordances62. Lastly, affordance is a relative 
experience between the actor and the environment, as well 
as actor and object. For example, a door handle (an object) 
provides affordance of grasping by an actor. The handle 
in the room (the environment) affords the act of pulling (by 
an actor), for what could be a door. Gaver states, ‘most 
fundamentally, affordances are properties of the world that 
make possible some action to an organism equipped to act 
in certain ways.’63 In other words, it prompts the user to act on 
the object in question. 
The theory of affordance is widely used in design, 
predominantly in product design and studies on computer-
human interfaces64. Maier and Fadel link affordance to 
architectural theory, design and practice. Their discussion 
mainly focuses on how affordance can be useful to analyse 
the relationship between a building and its users, as well as 
within building systems to understand system behaviour. The 
implication of how affordance can be used in the design 
process remains limited, and their conclusion highlights 
affordance as a means to define the measurable goal in 
design: 
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Understanding early information in terms of affordances 
can help designers determine appropriate measurable 
goals or hypotheses that may serve as guiding principles 
in the design process. These hypotheses can then be 
evaluated following the occupation of the building.65 
Here, I suggest the affordance examined is an affordance 
of design; that is, the effect and opportunity provided or put 
forth by the design or the object.
In this dissertation, I propose that the affordance of design 
can also be used to generate new design knowledge; that 
is, to act further. In other words, affordance of a particular 
object can be used to create new conditions for future design 
or designing purposes that can be actioned by the designer. 
I call this affordance for design66. I have identified these 
affordances across three areas in my practice. First, how 
artefacts provide affordances for design through materiality, 
form and geometry (see Chapters 2, 3 and 4). Second, we will 
examine the affordances supplied by the scripted algorithm 
used in the design and fabrication process (see Chapters 2 and 
3). This relates to virtual design iteration as virtual prototypes. 
Lastly, how the action and the procedure of making could 
provide affordances. The affordances are therefore time-
based (see Chapters 3 and 5). 
1.8 Generative-ness, Emergence and Continuous   
 Designing 
The terms ‘to generate’ or ‘generative’ is used in this writing 
to mean the ability or capacity to create one thing from 
something else. In architecture, the terms generative design is 
synonymous with computationally driven design methodology 
first pioneered by John Frazer in the 1970s, specifically genetic 
algorithms67. In the past two decades, the term was less 
exclusively governed by genetic algorithms and was used 
in context where the generation of form was based on rules 
or algorithms using parametric modelling68. Krish defined 
generative design as ‘a designer-driven, parametrically 
constrained design exploration process, operating on top 
of history based parametric CAD systems structured to 
support design as an emergent process.’69 In his definition, 
a generative design is composed of a ‘design schema’, 
a means of ‘creating variations’ and ‘selecting desirable 
outcomes’70. Central to the process is the reliance on the 
designer to study, tease out, unfold and identify promising 
outcomes. The question remains, how does the designer carry 
out these design judgements? 
This methodology is a bottom-up process, and its trajectory 
is directed by previous iteration, a characteristic of 
emergence71. As Steven Johnson observes, emergence 
is ‘a higher-level order forming out of relatively simple 
component parts’.72 Tackling the problem of complexity 
should therefore not been approached from ‘above’ but 
also from ‘underneath’73. The processuality of which, as 
Ednie-Brown argues, is intricately linked to ‘how things are 
created or generated and has significant relevance to 
problems of creative process’74. Bohnacker et al. explain this 
generative process diagrammatically (see figure 1.15)75. The 
generative process relies on a feedback procedure whereby 
the output shapes the thinking of the designer leading to a 
modification of algorithmic rule. This is conducted through an 
evaluation process. Emergence, therefore, occurs on both 
the discrete procedural level as well as the global system.   
 
The generative design methodology in architecture is not 
wholly computational. The form-finding experiments of Frei 
Otto and the geometric transformation of Antonio Gaudí are 
examples of generative methods. The former was developed 
through the material systems76 and the latter through 
descriptive geometry77. Quasi-generative design could also 
be performed at a compositional level. The House series of 
Peter Eisenman, Daniel Libeskind’s Chamber Works and 
Bernard Tschumi’s Parc de la Villette utilised self-referential 
rulesets and internalised abstraction to generate forms. Lab 
Architects’ Federation Square in Melbourne exemplified 
this generative design process developing complex folding 
Figure 1.16. Federation square 
facade exemplified late 20th-
century abstraction and how such 
abstraction becomes performative in 
architectural design.
Figure 1.15, Re-drawn generative 
diagram after Bohnecker et al. 
Bohnecker et al. refer to abstraction 
and information as the principal 
elements. Formalisation refers to the 
creation or form making process. 
The interactions between the 
output and the designer trigger the 
generative process. Here, the code 
(or rules) can be modified.
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through figuration78 (see figure 1.16). In the late 1990s, the 
diagram as a form of representation becomes the generative 
source for the avant-garde, such as Reiser and Umemoto, 
Foreign Office Architects (FOA) and UN Studio to name a few. 
In computing, a generative design is also known as 
continuous designing. The term continuous designing refers 
to an evolutionary method of software designing that has no 
finite state of equilibrium. As building projects tend to have 
a defined outcome as physical artefacts, in which specific 
parameters or criteria are met or deemed satisfied by the 
designer within a set timeframe, continuous designing may 
exist during the design process. When applying to the practice 
as a whole, which exists predominantly through action, 
continuous designing implies the potential to define specific 
future trajectory from inside the practice. As Stan Allen argues, 
Two important senses of the word practice intersect 
here: practice designating the collective and 
peripatetic improvisations of multiple inhabitants in the 
city connects to practice as the creative exercise of 
an intellectual discipline by an individual. De Certeau’s 
cunning optimism suggest a notion of performative 
practice, capable of continually reworking the limits of 
a discipline from within. 79 
In this dissertation, I ask, how can making be a generative 
design activity and what is its implication on practice?
1.9 Design Intention and Aesthetic Values in Practice
 
One may claim that knowledge and hence beauty are 
dependent upon the emergence of ‘thingness’.
Kenneth Frampton80
In this writing, design intention refers to the desire of an 
architect or designer over the design process. It is often 
developed through ideation and is expressed in many forms 
of communication using different media, from drawings to 
physical or digital models and algorithms. For David Pye, ‘the 
intended design of any particular thing is what the designer 
has seen in his mind’s eye: the ideally perfect and therefore 
unattainable embodiment of his intention’.81 The intention is 
usually coupled with an associated framework of judgement82, 
in the form of design criteria or aesthetic values that act as 
a means to qualify or satisfy such intention. In design, the 
intention is subject to change, influence and negotiation. 
Hence, it is unattainable. Studies in behavioural science have 
provided further insight as to the dynamic nature of intention 
(see Glossary).
Design decisions rely on a framework of criteria or aesthetic 
values being put in place by the designer. In generative 
design, the emphasis of such framework is critical in selecting 
the desirable outcome to enable the generative nature of 
the process. As Frazer writes, ‘Design must be creative – or it is 
mere imitation’.83 
Patrick Schumacher reveals the deeper operational function of 
aesthetic values in the design process in his book, The Autopoiesis 
of Architecture84. While I am cautious of Schumacher’s attempt 
to construct a unified theory of architecture, where style is a 
universal practice, there are critical points worth highlighting 
from his thesis titled ‘The Rationality of Aesthetics Values’. He 
refers to the underlying ‘style’ of a practitioner as the result 
of the aesthetic value formulated through formal or informal 
training of the craftsperson85 and historical evaluation of the 
artefacts in production86. I suggest this is also informed by the 
knowledge of working through techniques and tools as well as 
the community of practice in which the practitioner is situated. 
Schumacher purports, ‘The idiom (vocabulary, syntax) that 
characterises any given style is usually augmented with explicit 
formal rules that orient the application of the code of beauty. 
These rules are formulated as aesthetics values’. This is different 
from aesthetic evaluation which Pierre Bourdieu refers to as 
‘taste’. For Bourdieu, 
Taste is an acquired disposition to ‘differentiate’ and 
‘appreciate’, … to establish and mark differences by 
process of distinction … since it ensures recognition of 
the object without implying knowledge of the distinctive 
features which define it.87 
In design practice, Schumacher suggests that aesthetic value 
operates on a number of levels. I have highlighted three 
critical modes of operation. First, it allows for the initiation and 
termination of the design process. That is, the aesthetic value of 
the designer enables and bring forth the design decision during 
the design process which would otherwise not be fulfilled by 
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the functionality of the project alone. Second, aesthetic values 
open and delimit a certain formal possibility within which the 
creative search for form takes place88; usually starting with 
the formal a priori89. This allows for ongoing decision making 
during the design process. Lastly, the value is formulated into a 
stylistic idiom that saves thinking and decision time during the 
design process. As Schumacher states, ‘because no decidable 
performance criteria can be defined in the abstract’.90 
In this dissertation, I suggest that the design intention is subject to 
changes and the aesthetic values of my practice are informed 
by the negotiation between affordances found in making and 
technology.
1.10 Hypothesis: towards a new approach in Digital   
 Fabrication 
The domain of this PhD lies in the investigation of how making 
using digital fabrication can become generative in the design 
process. In the past two decades, CAD and CAM have 
driven architectural design and its production from spatial 
representation to one of material possibility. Digital fabrication 
coupled with parametric modelling is heralded as the new 
paradigm by numerous authors91. The promise is a particular 
mode of design practice that pursues a tectonic culture 
using various different approaches; one that would grapple 
with the complexity of architecture as a spatial, social, and 
cultural intervention. Here, I have identified four approaches 
to digital fabrication in architecture. Accompanying each 
method is a diagram that maps the feedback procedure 
(see figure 1.17). Like Bohnacker et al.’s diagram, the aim is to 
understand where the generative activities are located, with 
the assumption that if there is feedback, there is potential for 
generative activity.
On the most fundamental level, digital fabrication enables 
designers and architects to realise their virtual models as 
physical artefacts, in the form of ‘file-to-factory’ procedure92 
(see figure 1.17 [A]). The feedback is within the virtual 
realm where iterative investigation occurs. Here, the virtual 
prototype takes precedence over the physical object93. Digital 
fabrication is a means to an end to achieve the outcome. As 
Sharif and Gentry contest, ‘while the design conception of 
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Figure 1.17, Four approaches to 
digital fabrication in architecture. 
My practice deployed approach 
[B] and [C]. This gives LLDS a unique 
voice among my community of 
practice.
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digital maker affects the process of machining, no feedback 
during the action of making affects the organisation and 
content of design’, as it is mostly a one-directional workflow94.
The second approach is centred around the designer’s 
ambition to experiment (see figure 1.17 [B]). Iwamoto describes 
the deployment of digital fabrication in design as a means 
to calibrate and negotiate the virtual model with physical 
artefacts95. This usually takes the form of prototypes that 
either function as proof of concept or as one-off production 
where the building itself is the prototype96. The design intent 
is to explore novel fabrication techniques or material system 
with the aim to capitalise on digital fabrication technology 
for material, spatial or perceptual effects. In this approach, 
there is a continuous evolution of design trajectories. More 
recent development sees architects and designers engaging 
in digital fabrication outside of the standard CNC toolset, 
predominantly using an electronic prototyping platform97 
and robotic manipulator arm98. Architectural education and 
research led to this area of enquiry (see figures 1.08 and 1.09). 
The design intent is suppressed for the potential opportunities 
and constraints within material, geometric or algorithmic 
system to permeate to the surface. In most experimentation 
scenarios, the hypothesis shapes the design intent.
The third approach is the adaptation and implementation of 
digital fabrication in practice that seeks a sense of economy 
and buildability of complex geometry within an economic 
setting (see figure 1.17 [C]). Frank Gehry’s early adaptation 
of CATIA and incorporation of CNC production in projects 
such as the National-Nederlanden Building in Prague,99 SHoP 
architects’ direct fabrication100 and, more recently, the double 
curved metal cladding of Dongdaemun Plaza (DDP) by Zaha 
Hadid Architects101, all serve as demonstrators of how digital 
fabrication, when used in appropriate contexts, can enable 
cost efficiency, sophisticated information management 
and mass customisation in construction on a large scale. As 
McCullough notes, ‘tightening this loop between conception 
and execution has the potential to reconcile some of the 
separation of design and fabrication that industrialisation 
had previously imposed on craft’.102 Here, the design intent is 
declared at the start of the process and physical prototypes 
(although limited, typically due to financial or time constraints) 
provide some opportunities for feedback. In this approach, 
cost and other criteria act as performance benchmarks.
Through observation of the above approaches to digital 
fabrication, it becomes evident that the role of digital 
fabrication as a generative tool for design in practice is limited, 
except for the second approach. As Johnson puts it (discussing 
Turing’s machine), the paradigm shift was merely a by-product 
of new tools offering an unprecedented possibility103. Dan 
Willis and Todd Woodward also warn us of the profession’s 
complacent relationship with digital fabrication104.  
I’ve sketched out a fourth approach (see figure 1.17 [D]), which 
I call digital material practice. This approach is a hybrid of the 
second and third approaches (see figure 1.17 [B] and [C]). It 
contains a new layer of feedback that is mediated through 
the agency of making, what I called affordances for design. 
The design intention of the architect is called into question. I 
argue this emerging model of practice not only explores the 
feedback procedure between virtual and physical prototypes 
but, through affordances in prototyping, tools and the scripted 
workflows, imparts knowledge that can play a critical role in 
the design process. Chapters 2 and 3 explore the emergence 
of affordances for design through design projects. In Chapters 
4 and 5, we will examine how affordances facilitate emerging 
aesthetic values and the synthesis of such values into formal 
operations I have identified in Chapter 2 as design strategies. 
Ultimately, the agency of making contributes to the evolving 
nature of architectural design intention. The significance of 
this new approach is first, to negotiate the conflict between 
the deterministic view of design intention using digital 
fabrication techniques105 and the generative potential of 
making as a research methodology. It is therefore neither 
a top-down nor a bottom-up approach106. Instead, it is one 
that is driven by action and is played out over time. Second, 
digital material practice through affordance drives and 
sustains design evolution; as a form of continuous designing. 
It qualifies making as a productive activity in design research 
and integrates research approaches with practice-driven 
strategies. The fourth approach identifies my contribution to 
knowledge in this PhD.
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2.0 Towards a 
New Intricacy
In his book, Computer-Aided Manufacture in Architecture: 
The Pursuit of Novelty, Nick Callicott traces the history of 
modern manufacturing and digital fabrication107. His writing 
provides the first tangible link between CNC manufacturing 
and architecture. Collicott comments on the confusion that 
such technology produced in architectural design at the turn 
of the 21st century. He refers to the lack of ‘project-based’ 
design and research in exploring the richness that CAM can 
bring to architectural design bound by the inaccessibility of 
the technology, lack of direct experience in practice and 
education. Since his writing, there has been an explosion 
of design-and-build research projects leveraging digital 
fabrication as the new driver for design research. These are 
well documented in numerous survey books published in the 
last two decades108 (see figure 2.01). 
Digital fabrication has permeated the discourse on 
architectural design. The different approaches to digital 
fabrication outlined in the previous chapter have been 
discussed in light of its role in enabling file-to-factory 
procedure, experimentation-based design research and 
its implementation in construction. While the effects on 
architecture and design are apparent, its impact on the 
practice of architecture, as distinct from the delivery of 
architecture, is not necessarily visible yet. By the practice of 
architecture, I refer specifically to how digital fabrication can 
be used as a means to conceptualise the design intent of a 
project, through various design methodologies and drivers. It 
nevertheless has a consequence on how architecture can be 
delivered. Critics such as Willis and Woodward question the 
promises of digital fabrication: its efficiency, its ability to mass 
customised and what they called the ‘diminishing difficulties’ 
of constructing architecture, claiming ‘there is nothing 
“automatic” about it’. 109 What is less developed in their 
argument is the discussion on craftsmanship and detailing 
engendered by their claims regarding digital fabrication. 
Disappointingly, they conclude their case by urging for a 
more thoughtful and critical deployment of this technology 
by talented architects; without providing any clues as to how 
to reconcile this dilemma. 
It is within this context that this dissertation aims to open 
up the discussion around the effect of digital fabrication 
on my architecture practice. I ask, what is the impact of 
digital fabrication on the design process of my practice? By 
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including digital manufacturing as part of the design workflow, 
can making act as a driver for design? In this chapter, I 
differentiate the voice of LLDS from my community of practice 
through a series of design strategies rooted in the making. I 
will contextualise LLDS among my community of practice and 
identify three categories of relationship that help to shape it. 
Through design projects, I uncovered the role of prototypes 
and scripted workflows as generative agents in my practice, 
as I set up the framework for digital material practice. Case 
study projects will demonstrate how fabrication workflows 
and prototyping can generate affordances with the potential 
to influence both design intentions and outcomes. 
2.1 From Tectonic Culture to Digital Craft 
Tectonic in architecture often refers to the assembly of building 
parts and object, or more simplistically the material assembly 
of a building. Kenneth Frampton promotes a more in-depth 
reading of tectonic as a culture. He suggests an emerging 
form of aesthetic and design thinking that could evolve out 
of construction - a constructional craft. In Studies of Tectonic 
Culture, he argues through the work of several prominent 
architects of the 19th and 20th century that modern architecture 
is concerned with the structure as much as space and form. 
With figures, such as Viollet-le-Duc, Auguste Perret, Frank 
Lloyd Wright, Le Corbusier, Mies van de Rohe, Louis Khan, Jorn 
Utzon and Carlo Scarpa110, Frampton confronts architecture 
with craft once more. Quite differently from the social and 
moral debate of the Arts and Crafts movement led by William 
Morris and John Ruskin, which is primarily centred around the 
opposing relationship between the handmade versus the 
machine111, Frampton proposes an ontological approach to 
the understanding of craftsmanship in architecture. He writes, 
I have attempted to relate to the representational and 
ontological aspect of tectonic form: the difference, 
that is, between the skin that represents the opposite 
character of the construction and the core of a building 
that is simultaneously both its fundamental structure and 
its substance.112 
For Frampton, tectonic ‘is the craft of carpentry’ and ‘the use 
of the axe’ as a tool. Craftsmanship at the detail level is a 
critical aspect of design; it emerges from the exigencies of 
construction. The making of joint or junction between material 
is the moment of articulation through architectural thinking,113 
where the architect combines the poetic and cognitive 
knowledge through craftsmanship. He states, ‘This double 
articulation pre-supposes that one has to mediate between 
technology as a productive procedure and craft technique 
as an anachronistic but renewable capacity to reconcile 
different productive modes and levels of intentionality.’114 
Here, detailing through constructional craft facilitated the 
development of unique architectural expression; for example, 
in Mies van de Rohe’s Farnsworth house. To express the purity 
of the floor plate as a plane, the steel frame floor is face 
mounted to eight H-section columns115.  The welds are ground 
flat to construct a reading of two elements sliding past each 
other; a seemingly impossible junction. Here, Mies van de 
Rohe reconciles the building detail of a steel frame structure 
with his design intent (see Figure 2.02). 
When digital fabrication comes to be in the mix with 
architecture, scholars and practitioners describe the artefact 
as the product of digital craft116, but what defines the craft 
in computational design and digital fabrication? Malcolm 
McCullough who first identified the term ‘digital craft’, draws 
a parallel between the practice of using a computer and 
traditional craftsmanship117. However, without falling into the 
trap of technological determinism118, if we are to see digital 
fabrication first and foremost as the use of CNC tools to aid 
design processes, then there must be other ‘forces’ at work 
and other domains to cross for it to be a generative process. 
Michael Stacey describes this as the ‘flip-flop from the digital to 
the physical and back again’, which stimulates thinking about 
design119. I have identified these forces as design strategies 
that are deployed in my practice to position craftmanship at 
the heart of the practice. In Chapter 3, we shall continue to 
reconsider the theoretical framework of digital craft through 
practice.
Figure 2.01. Survey publications on 
digital fabrication in architecture
Figure 2.02. Barcelona Pavilion by 
Mies van de Rohe showing Mies 
earlier exploration of floating plane 
as design intention.
[Copyright material omitted]
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2.2 Architecture as Material Practice 
Architecture is fundamentally a material practice120. In an 
interview between Michael Meredith and Stan Allen121, they 
discuss the ideological opposition in the late 20th century 
between the formal and the representational practice 
in architecture led by Peter Eisenman, versus the tactile 
materiality of architecture spearheaded by Kenneth 
Frampton, Peter Zumthor and Juhani Pallasmaa. Allen 
observes that material practice deploying digital fabrication 
technology of the early 21st century did not seem to be 
concerned with the dilemma between material and form. 
This was in part attributed to digital technology but more 
emphatically due to a change in direction in the architectural 
discourse. The shift in philosophical focus in architecture from 
Derrida, who is a philosopher of language, to Deleuze, a 
philosopher of matter, enabled the discipline to pay more 
specific attention to the capacity of architecture to produce 
ideas rather than applying or importing thinking from outside 
of the discipline. Deleuze suggests every discipline can 
provide its own theoretical and philosophical concepts. In the 
context of this investigation, the focus is on making at the core 
of design practice and how it can provide a fertile ground for 
design.
The theory of architecture tends to be wholly separated from 
architecture practice. This is nowhere more visible than in 
their separation within architectural education. Allen argues 
that it is counterproductive to view theoretical formulation 
and practice as a separate entity. Instead, he states, 
‘practice is not a static construct but is defined precisely 
by its movements and trajectories. There is no theory, and 
there is no practice. There are only practices, which consist 
in action and agency’.122 He marks two distinct types of 
practice, the hermeneutic and the material. The former focus 
on the interpretation and analysis of representation expressed 
through written text and later the production of new artefacts 
and organisation of material. While material practice focuses 
on the manipulation of material, it is worked through mixed 
media of codes. Allen suggests that these codes can be 
drawing conventions, building regulations, calculation and 
notation. With digital fabrication, I will also include algorithms, 
scripted workflows, and making procedure as constituent 
media. That is discussed in detail through the case studies. 
While material practice in the early 21st century is less 
dialectical between form and material, there remains 
a need to reflect on the position of material practice in 
relationship to digital fabrication. As making is ingrained in 
the production of architecture, then the act of making must 
be examined, learned, and interrogated to make it useful 
again in the ongoing practice of architecture. The case 
studies demonstrate design practice in action as well as the 
formulation of theory within practice; that is, through doing 
and making. In the next chapter, we will examine the agency 
of tool and how it becomes operative in my practice. 
2.3 Community of practice 
LLDS draws its influences across four different fields: 
architecture, technology, art and craft. Each contributes to 
making up my community of practice. Figure 2.03 illustrates 
these relationships with those closest to the centre having 
been most influential. Oscillating on the outer spheres are 
projects, figures and events that have shaped my design 
thinking.
Within these field of influence, it is essential to highlight the 
three categories of relationships that operate across my 
community of practice. There is no specific hierarchy in 
order of importance; however, the motives behind these 
relationships are critical in the formulation of my practice 
as invisible forces that urge the practice forward and act 
as points of reflection for us to shape and position our 
mode of practice within the broader architectural culture.   
 
2.3.1 Practice as the architectural project 
During my study at the DRL at the Architectural Association, 
School of Architecture in 2000-2012, Brett Steel (then the 
Director of DRL) ran a seminar on architectural monographs. 
Our team had the onerous task of going through the eight 
volumes of Le Corbusier’s Oeuvre Complete (see figure 
2.04) - perhaps one of the earliest examples of a highly 
choreographed monograph that over a period of 41 years 
Figure 2.04. Left, diagramming 
Le Corbusier Oeuvre Complete. 
Research by Paul Loh, Alan Dempsey, 
Lorenzo Viola and Derek Kawiti at the 
Design Research Lab, AA School. 
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Figure 2.03. My community of 
practice. The map is divided into four 
fields. Pink lines denote secondary 
relationships. Certain defining 
architectural projects are features 
as they remain a constant point of 
reference. Cyan dots indicate that 
I knew the influencer in person or 
at least one of the director of the 
company. White dots denote that 
I understand their work through 
publication only. Copyright material 
omitted.
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was incrementally shaped to construct the image of the 
architect as a superhero123. Le Corbusier manifested a new 
tendency for generations of architects to see the oeuvre 
as the single architecture project. In more recent history, 
Reiser and Umemoto’s (R&U) Atlas of Novel Tectonics124 
and FOA exhibition at London Institute of Contemporary 
Art in 2004, titled FOA Breeding Architecture, and their 
book Phylogenesis: FOA’s Ark,125 had a similar ambition to 
formulate a body of projects as continuation of ideas that 
bridged building typologies, structural systems, organisational 
strategies and material effects. In the Atlas of Novel Tectonic, 
R&U utilised Deleuze and Guattari’s framework of the diagram 
to position their design projects against the trope of modernist 
architecture. This reading of practice suggests design projects 
are a body of research a practitioner can draw upon to 
develop and extend their repertoire; that is, to construct a 
new trajectory for the practice through uncovering the inter-
relationship between the various design projects. We will re-
visit this reading of the practice as the Architecture Project in 
Chapter 5, where we continue to discuss the agency of making 
and the effect on LLDS. My interest lies in how the practice as 
a project can create an ecology for continuous designing.  
2.3.2 Material Practices and the bespoke 
When I was at MacCormac Jamieson Prichard (now MJP 
architects), I spent five years on a single project, student 
accommodation in Oxford: the Kendrew Quadrangle. I 
had designed and prototyped, bespoke unitised façade 
systems, door handles, joinery and a chair; I had learned 
to detail a bespoke building; articulating junctions and 
expressing material quality (see figure 2.05). We interrogated 
the details daily through axonometric drawings, digital 
models, physical models and later 1:1 scale mock-up (see 
figure 2.06). The junction between steel and glass, timber 
and concrete were interrogated to meet the stringent 
building regulation in thermal and air tightness performance, 
as well as constructing an expression and spatial narrative 
through material articulation (see figure 2.07).  This was my 
first industry experience in material practice - a somewhat 
rare opportunity to spend five years designing and detailing 
bespoke architecture. As Shield describes, 
Figure 2.05. St John Kendrew 
Quadrangle by MJP Architects 
completed in 2010 consisting of 54 
bedrooms, library, cafe, gym and 
archive. In this project, I am privileged 
to work on the smallest detail which 
includes bespoke pull handle [A], 
and a chair for the Junior Research 
Fellow suite with James Dyson, the 
furniture maker [B].
Figure 2.06. I made a number of 1:10 
scale models. The model shown here 
was used to test daylight factor to 
the interior of the student bedroom 
[A]. 1:1 scale mock-up of bedroom 
and facade system. This privileged 
the designer to further articulate and 
refine the design and detailing [B].
Figure 2.07. Student bedroom facade 
under construction, photo was taken 
in 2009 by the author. 
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a bespoke architectural design is therefore associated 
not only with the ability to establish rules for the artefact 
that is ‘made to order’, but also with generating a 
design that understands and anticipates the challenge 
and consequences of making that particular order.126 
However, there was one thing we did not do in this project. 
While every single aspect of the building was considered, 
the materiality of the building was rarely interrogated against 
the form or manufacturing processes behind it. It was as if 
the form were somehow pre-defined and we were working 
towards making the image of the architecture, referencing 
the dilemma between form and material discussed earlier by 
Stan Allen.
During my 4th year of studying at the University of East London, 
I undertook technical study with Peter Salter. Salter gave us 
a task to design and make a device to measure or draw a 
given object. Ours was a fresh Portobello mushroom which 
we were not allowed to cut, and every piece was unique 
in its shape and size. Working in a group, we devised a 
machine with a blunt pointed edge on one end to trace the 
surface topography of the mushroom with an extended lever 
holding a pencil perpendicular to a tracing plane (see figure 
2.08). When the blunt edge rolled across the surface of the 
mushroom, its profile was traced on paper. Systematically, 
we produced multiple cross-sections and projected them in 
axonometric to construct a three-dimensional (3D) drawing. 
This is more than a drawing exercise. The task confronted me 
with two valuable lessons. First, the ability to systematise, or 
extract a way of thinking as a design strategy. Here, sectioning 
became our strategy in dealing with the complexity of the 
surface which was later translated into the behaviour of the 
machine; that is, the lever mechanism resulting in the drawing 
device. Second, the necessity to explore or invent a bespoke 
solution that followed through on the strategy, where the 
strategy drove the detailing of the machine design. There was 
no off-the-shelf solution we could appropriate, but by working 
through the sectioning logic we uncovered the solutions and 
devised ways of making the machine; What type of tracing 
edge to use? How to transfer the motion as trace onto the 
paper? I was confronted with a unique problem that required 
a novel solution. This thinking is critical to the way I have 
approached research in my practice. 
It is worth examining the material practice of Peter Salter and 
understanding how he has influenced my thinking. As Sheil 
claims, Salter is the ’formidable master of building materials 
and techniques’127. While Salter has built very little to date, 
all his projects explore spatial narrative and design strategy 
through materiality and their making processes. The built form 
often emerges from a craft sensibility, through observation of 
craft techniques, such as the dry lamination techniques of 
a racing dinghy, which was expressed in the timber Yurts on 
the rooftop of his Walmer Yard project (see figure 2.09). The 
fabrication process became part of the design strategy; for 
example, the use of carbonised ‘black steel’ in the interior 
of Walmer Yard formed screens and balustrade to articulate 
privacy and threshold128. Salter never overly theorises his work. 
His writing on Walmer Yard was almost exclusively a material 
description of the building. However, what unfolded was the 
spatial narrative as a sub-text, an architectural description of 
thresholds, privacy and comfort through materiality129. Salter’s 
practice and teaching have influenced a whole generation 
of architects across various schools in London130. 
The practices of MJP architects and Salter illustrate different 
instances on the spectrum of material practice. Underlying 
their practices are attempts to align materiality through the 
messy business of architecture. This profoundly influenced my 
design thinking and understanding of material practice. 
 
2.3.3 Architects as Makers 
As architects incorporate digital fabrication into practice, 
representation of information is replaced with digital modelling 
information, data lists and code. The role of the architect has 
shifted in recent years. While many authors and practitioners 
claim the return of the role of the master builder with the full 
capacity to oversee all aspect of building information and 
fabrication131, in practice, architects rarely physically build the 
design they draw or model. Most practices collaborate or sub-
contract the difficult role of material resolution to the specialist 
manufacturer and consultant. Few practices have embarked 
on integrating both design and fabrication in-house132.
As Nader Tehrani points out, sometimes the architect needs to 
silence the design of eight things to amplify one or two areas. 
The ambitious designer can easily fall prey to their invented 
Figure 2.08. Sketch of mushroom 
drawing machine by the author. 
Project team: Paul Loh and Hiroaki 
Hoshino. 
Figure 2.09. Walmer Yard by Peter 
Salter. One of the zinc-clad yurts on 
the roof of the apartments.
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system133. This reflects Tehrani’s practice134 in which material 
articulation is often carefully chosen and located within 
specific design packages. Typically, the more sophisticated 
the building systems, the more specialist the skill set required; for 
example, a curtain walling system. Stan Allen made a careful 
and subtle distinction of the role of architects not as a builder 
but a specifier of construction technique. It is this knowledge of 
construction methods and material organisation that enable 
the architect to impart this information to the construction 
of the building as effects and spatial experience135. This is a 
refreshing take on the role of architects as underlying this 
distinction with those of a master builder are strategies and 
tactics that can be deployed across the domain of material, 
computing code, hardware and future technological system. 
The practice of Frank Gehry, SHoP and Gang Studio Architects 
have demonstrated the implementation of digital fabrication 
and information management on a commercial scale136. For 
practices that seek tangible expression as part of their spatial 
narrative and building strategy, the only means to explore its 
tectonic procedures, to borrow Frampton’s word, is through 
design, experimentation and fabrication of their projects. 
Indeed, self-build projects, predominantly single dwelling or 
small projects, become a fertile ground on which architects 
can explore material through construction. There is a long 
tradition of architect-turn-makers at the early stage of their 
career: Renzo Piano, Norman Foster, Richard Roger, Ted 
Cullinan, and Peter McIntyre to name a few. Most of their first 
projects were self-builds and became their manifesto in the 
most concrete sense137. In the last two decades, more and 
more practitioners experimenting with novel techniques have 
turned towards pavilion as a convenient typology as research 
outcome; however, few have operated a design studio and 
fabrication workshop concurrently and independently from 
an academic institution. Jean Prouve’s practice was perhaps 
the earliest example of this integration, having purchased a 
sheet metal bending press at the outset of his office138. 
At the time of this writing, there are perhaps a handful of 
practitioners of whom I am aware, with similar set-ups to LLDS. 
LASSA, based in Belgium, has a three-axis CNC router in their 
office139. Their CNC router is used to fabricate architectural 
parts and moulds for their design projects. Archi-Union in 
Shanghai has a similar set up with a robotic arm140. In the US, 
Metalab in Houston has a similar setup. In Australia, March 
studio in Melbourne and Studio Workshop on the Gold Coast141 
both have a manufacturing capacity associated with their 
design studio; the former acquired their three-axis CNC in 
2016, and the later was set-up in 2014. This survey of practices 
represents an emerging breed of practitioners who engage 
in digital fabrication as an integral aspect of design practice 
(see figure 2.10)142.
To design and fabricate architectural components in-house is 
typically rare. This takes up an enormous amount of resources: 
energy, time and financial investment. The concern for a small 
practice like LLDS is always about how to strike a balance 
between off-the-shelf specification and the bespoke. 
Reflecting on Allen’s definition of the role of the architects, 
material research in design practice could potentially have 
two purposes. First, as a specifier of construction techniques, 
the practitioner who wants to explore processes outside of 
the standard manufacturing techniques will need to develop 
the research through experimentation, in the form of script 
workflow, procedural invention and material prototyping. 
This research outcome becomes the embodiment of the 
specification. We will discuss this in detail through the case 
study projects. Second, it implies that similar to standard 
specification writing, it can be re-used, modified and 
developed to extend the repertoire of the practice not 
dissimilar to craft practices (see Chapter 3). This untangling 
of the role of an architect could potentially allow the small 
practice to move beyond experimentation on the scale of 
the pavilion. I will return to these concerns in Chapter 5.
2.4 New Intricacy: Architectural Detail in Digital    
 Fabrication 
Willis and Woodward argue that digital fabrication has an 
inherent bias towards the monolithic material, driven primarily 
by the techniques and tooling process. This ’is leading us to 
Buildings with fewer details and less variety in the way they 
are made.’143 Conversely, Peggy Deamer, offers a more 
supportive reading of details in digital fabrication, arguing that 
it is a means for architects to return to a 19th-century aspiration 
of detailing regarding their respect and concerns with craft 
in architecture - those of Semper, Wagner and Ruskin144. She 
posits, 
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Figure 2.10. Survey of contemporary 
practices with a similar setup to 
LLDS. The key selection criteria is 
the embedding of CNC tool in the 
architecture office (excluding links to 
University) used for the production of 
the practice design. White denotes 
practices that has influence LLDS but 
did not necessarily operate within 
the above criteria. For example, Unto 
this Last is a furniture maker who runs 
a micro-manufacturing workshop in 
the east end of London. Copyright 
material omitted.
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Ruskin’s celebration of ornament as the opportunity for 
craft expression and Semper’s and Wagner’s interest 
in ornament as the symbolic expression of a tectonic 
evolution is reflected in the new interest in intricacy. The 
capacity to both organise and vary the connections of 
the units to each other and their structure allows, and 
indeed demand, an exploration often only understood 
fully by the fabricator and the exploitation of essential 
characteristic of the software.
This is a reaction to the ’nondetail‘ of modernist architecture145. 
As Edward Ford suggests, ’so long as buildings were built using 
layered construction in which the structure was concealed, 
some form of ornamental cladding was necessary for structural 
expression’.146 In modernist architecture, the material narrative 
and the procedural understanding of construction has been 
deliberately suppressed to promote the plastic composition. 
However, the detail in architectural design is by its nature a 
differentiation of its context and is concerned with support147. 
In digital fabrication, Deamer observes that the neutral 
relationship between tools and material often yield 
’unanticipated and often materially transformative results’.148 
This unpredictable and unexpected material outcome holds 
the element of risk that Marble and Kolarevic attributed to 
David Pye’s notion of the workmanship of risk149. Kolarevic 
describes this as digital making and draws a parallel between 
these unpredictable material outcomes and craft production 
as a source of craft authenticity. I suggest  this reading 
of digital craft is only part of the story, or perhaps we are 
merely observing the symptom of where craft lies in digital 
fabrication150. 
A material may present very little resistance to CNC machining 
compared to say, a handheld saw where the grain of a piece 
of timber demands a more differentiated force and vector 
to negotiate the material. Most CNC machines are designed 
for homogeneous material that offers little resistance. As 
Harrop highlights, ’if making is dependent on the embedded 
resistance of the material, how does one make when the 
material itself is isolated as pure subjectivity?’151  In practice, 
the assumption that the tool and material are neutral to each 
other and offer little resistance is simplistic. In reality, when 
CNC machining meets material with grains and orientation, 
the resistance of the material is compensated with the speed 
of the tools. In robotic milling, the clockwise or anti-clockwise 
rotation of the router bit can determine the success or failure 
of the outcome. To compensate for hidden knots within the 
timber, milling depth is controlled in millimetre increments 
across the material surface to allow for a better finish. The 
marking from the tooling process may produce emerging 
ornamentation152. However, I will later argue that these effects 
only become useful when combined with a specific design 
strategy to scaffold the search for new aesthetic values. 
Before we examine design strategies, let us review the impact 
of digital fabrication on architectural detail. I have outlined 
two trajectories of thoughts which I will analyse using some 
precedent studies (see figure 2.11). This analysis is useful for 
me to reflect on how digital fabrication affects the design and 
detailing of my practice. In the next section, we will examine 
these trajectories through design strategies deployed in my 
practice. The aim is to reveal where craftsmanship lies in the 
work of LLDS.  
In the first trajectory, I argued that digital fabrication has 
shifted detailing from the layered construction as suggested 
by Edward Ford to the procedural level. That is, the layering 
of materials - for example, in a typical wall build-up 
consisting of rainscreen cladding, waterproofing membrane, 
structural frame, interior lining and decorative finish - can be 
reconsidered through the procedures of manufacturing153. 
A unitised curtain walling system where the performance of 
the traditional material build-up is integrated into a single 
system and pre-fabricated, is one example. In Refabricating 
Architecture, Kieran and Timberlake further speculate on the 
potential of this shift in construction from the Fordist model to 
a quilt or patchwork model of manufacturing154. 
Early experimentation using digital fabrication by designers 
such as Greg Lynn facilitated a tendency and made possible 
the manufacture of the nondetailed ‘blob’155. However, as 
I observed from recent ‘blob’ projects, such as the DDP by 
Zaha Hadid Architects, the fabrication of the smooth surface 
shifted the architectural detail of the surface from the joint 
to the fabrication procedure156 (see figure 2.11 [A1]). That is, 
without the multipin adjustable mould fabrication techniques 
and the robotic trimming process, the resolution of the surface 
would need to be rationalised to either single curvature or 
faceted panel157 (see figure 2.11 [A2]). As the design intention 
emphasis was on the smooth geometry, the detail was on the 
surface and concerned with the concealment of the fixing 
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system behind. The deployment of fabrication procedure can 
also be observed in the roof of the St Mary Cathedral in San 
Francisco by Nervi (see figure 2.11 [B1]). While this project did 
not use advanced digital fabrication, it relied heavily on the 
descriptive geometry of the roof to develop the fabrication 
process; specifically, the doubly ruled surface of a hyperbolic 
paraboloid158. The resulting detail was visible in the triangulated 
coffered concrete soffit, which revealed the ruling of the 
doubly ruled surface (see figure 2.11 [B2]). Here, the plastic 
form and its construction were captured on the surface of the 
material similar to the DDP project. I suggest that in the DDP, 
digital fabrication techniques were used to bridge the plastic 
formalism and its tectonic procedure.
In the second trajectory, I proposed that through embedding 
digital fabrication knowledge, detailing in architecture 
allows the designer to negotiate form through fabrication 
and assembly by aligning the fabricator’s knowledge with 
the design. Edward Ford observes that the development of 
construction detail by architects leaves little room for the 
craft person’s input. He claims that ‘detailing was born when 
craftsmanship died.’159 This creates an awkward scene where 
the architect wants to control the construction information 
and yet, is reluctant to confront the variant produced 
through the making process - what Ruskin calls ‘rudeness’160 
in architecture. Construction detail becomes a means to 
define the aesthetics of a building only. As I observed from 
the glass cladding of Frank Gehry’s Nationale-Nederlanden 
building in Prague, it provides a clue as to how to reconcile 
the differences between ‘rudeness’ and the precise when an 
aspect of the work is digitally fabricated (see figure 2.11 [C1]). 
Here, the smartness of the cladding lies in the detailing of 
the glass fixing, where a bespoke swivel nut and bolt design 
allows the joint to provide tolerance and adjustment in the 
X-Y plane and Z direction (see figure 2.11 [C2]). While the 
joint detail does not rely on digital fabrication, its ability to be 
extended in its length and rotation angle compensate for the 
‘rudeness’ of the steel frame and the precision of the CNC cut 
glass. The detail reveals the assembly strategy and the making 
of the architecture.
The above outlines the impact of digital fabrication 
on architectural detailing. In the next section, we will 
look at how these play out in practice through design 
strategies. As Salter posits, “Detail could follow Strategy.”161 
[A1]
[B1]
[C1]
Figure 2.11. Detailing of three building 
precedent studies that exemplified 
a shift from layered construction 
technique to a procedural based 
‘smart’ assembly and fabrication 
techniques.
[A2]
[B2]
[C2]
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2.5 Making as Design Strategies 
The design strategy is deployed to carry forward a particular 
design intention. I have identified three key strategies used 
in my practice: procedural logic, iterative prototyping and 
material interface. It is important to note that these strategies 
are evolving, and they contribute to the cyclical struggle of 
design to achieve a balance between effects, performance 
and practical demands (see Glossary). 
Through these strategies, I will examine how the activity of 
making and its procedural logic is used to formulate design. 
Within the temporal scale of making, the type and level of 
risk involved may vary and fluctuate (see Section 3.2.1). This 
implies the unique quality associated with the unanticipated 
outcome produced by the neutral relationship between 
material and CNC tool could, over time, be analysed, 
practised and deposited back into the repertoire of the 
designer. This may emerge years later in another project 
or form. Here, I will uncover evidence of affordance for 
design provided through the physical prototypes, scripted 
workflows and design outcomes.  These artefacts have 
the potential to encapsulate effects. Lambros Malafouris 
describes such objects as acting ‘as dynamic attractors, 
operating in feedback circles that bind the different scales 
of time together.’162 I propose that this feedback in the form 
of affordances perpetuates the generative design process.163
Most of the case studies discussed utilise a single strategy, as 
these projects usually have a reasonably quick turnaround 
from commissioning to project completion. Other projects 
play out over an extended period of time with concurrent 
approaches; for example, the in-situ concrete wall and the 
roof design of House #05. When examining the case study, it 
is worth referencing the project background contained in the 
Appendix A. The strategies outlined below are deeply rooted 
in the activity of making and carry with them a procedural 
sensibility, which, in my opinion, allows my practice to carve 
out original territory within our community of practice. 
2.5.1 Procedural system 
As discussed in Section 2.4, digital fabrication has shifted 
detailing from the layered construction to the procedural 
level. It also allows the design intention to be aligned with 
fabrication’s knowledge. One of the primary concerns in 
digital fabrication is the information translation of descriptive 
geometry to CNC fabrication. Fabian Scheurer identifies this 
process as the abstraction of the problem and the reduction 
of information through removing redundancies164. Scripted 
workflow in the form of parametric modelling facilitates this 
procedure, but it is not without its set of difficulties in practice, 
which include front loading, being deterministic, and 
anticipating flexibility165.  
The resolution of parametric modelling to fabrication requires 
a different workflow166, as often the compressed timeframe 
and budget requires the parametric model to cope with 
multiple streams of construction output as well as utilise the 
model in concurrent design processes. When it comes to 
delivering the project, it often creates a scenario where 
the construction methodology is under-developed. There 
is neither time nor financial incentive to prototype and 
develop the design in detail; these details are passed on to 
sub-contractor to resolve. However, as SHoP architects note, 
‘by informing architectural concepts with the means and 
methods of making, architects can advance the art and 
science of design and construction.’167  
Typically, architects tend to rely on the builder or fabricator to 
resolve the construction and assembly detail. In practice, this 
presents two possible scenarios. First, the geometric resolution 
of the design intention may be modelled in detail, but it does 
not have the necessary information for fabrication or means 
of assembly that is within the contractors working method. The 
contractor becomes overwhelmed by the complexity and 
starts pricing risk into the project168. Second, the parametric 
model becomes representational; that is, an image to build 
from. The information built into the workflow is descriptive 
geometry as a form of virtual prototype especially in the 
absence of a physical prototype169. Successful deployment 
from parametric design to construction within a single 
workflow is reasonably rare as architects tend not to have the 
fabrication or assembly procedural knowledge of fabricators. 
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In this section, we will examine two case study projects. Both 
projects deployed procedural logic as design strategy but 
with different design intentions and outcomes. Wakeford Hall 
utilised procedural logic as a driver for design and developed 
a strategy from a cultural, social and pedagogical model 
(a distinction between strategy and model is outlined in 
the Glossary). The Textile Café focused on fabrication as a 
procedure to create what I called a smart assembly workflow.
Figure 2.12. Procedural design 
strategy deployed in NGV 2018 
pavilion design. 1:10 scale prototype 
is used to simulate the cutting 
sequence of the block as well as to 
test the reflective gold lighting effect 
to the interior.
Case Study: Wakeford Hall, procedural logic as a design strategy 
Wakeford Hall was a project developed out of a series of 
construction sequences as a procedural system; that is, using 
the building sequence as a means to interrogate design 
intention and drive the design process (see Appendix A for 
project description and background). The project responded 
to a somewhat open brief for a building that consisted of a 
community hall, library, teaching and administration spaces 
located in Hooke Park - an experimental design-and-make 
teaching environment set in a landscaped woodland in 
Dorset, UK. Our design intention was to set up a large cable net 
roof that acted as a shelter for the programs (see figure 2.14A 
[2.2]). Strategically, it allowed the building to be constructed 
in multiple phases. The ground and roof plane set up a 
‘tension’ in the composition where the building envelopes 
were seen as infill (see figure 2.14A [3.1]). The procedure for 
making became the conceptual driver for the project. The 
spatial requirements of the brief merely followed the assembly 
process: laying the ground, installation of the frame, the 
roof, and finally the envelope. While there was no extensive 
making involved during the competition stage, apart from 
the use of virtual prototypes and 3D-printed models, the 
construction procedure played out the concept through 
drawings (see figure 2.14A and B). As the students at Hooke 
Park take the project forward, the framework outlined during 
the competition stage was adopted and negotiated through 
the various cohort of students working on the project (see 
Appendix, figure A2). The project marked a critical moment in 
my practice as other competition projects completed since, 
including the 2018 NGV Pavilion competition entry, followed 
through with similar procedural logic (see figure 2.12).  
 
Figure 2.13 demonstrates the affordances emerging from the 
project. As a guide, the affordances on the left is identified as 
affordances of design and items on the right of the project is 
identified as affordances for design (see Section 1.6). We will 
discuss the implication of these affordances in Chapter 5.
Figure 2.13. Affordances identified 
in Wakeford Hall project. The 
affordances on the left is identified 
as affordances of design and items 
on the right of the project is defined 
as affordances for design     
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Figure 2.14A. Wakeford Hall 
competition entry presented a series 
of construction strategies as design 
proposal.
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Figure 2.14B. View of Wakeford Hall 
with the Hooke Park forest as the 
backdrop.
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Figure 2.16. Scripted ‘smart’ assembly 
workflow integrates assembly index 
and data structure as part of the 
script.
Case Study: Textile Café, smart assembly workflow 
The Textile Café utilised fabrication procedure to drive the 
design process, (see figure 2.15). Through developing what 
we called a ‘smart’ assembly workflow, we integrated 
making knowledge in the form of procedure within the 
scripted workflow.  In my practice, we develop parametric 
modelling through a scripted workflow using visual scripting 
platform such as Grasshopper, a plug-in to McNeel Rhino 3D. 
The scripted workflow allows us to test the design as well as 
simulate its assembly process. 
Figure 2.16 illustrates the scripted workflow of the project. The 
design was abstracted down to three inputs: the boundary 
edge, the base grid and the control curves for the undulated 
timber ‘chandelier’ in the seating areas [A]. The primary 
timber frame consists of four groups of components [B]: the 
timber grid for the ceiling, the column structure, the table 
acting as a diagonal brace for the entire structure and lastly 
the hanging batten for the undulated ceiling. The first three 
groups of components were structural. We chose to work with 
one consistent timber batten size (32 x 32mm) in this project. 
This was partly due to supply chain constraints, but from 
the design point of view, we wanted to eliminate the visual 
hierarchy in the structure system. The hanging battens had a 
‘social’ function where it provided privacy within the seating 
area (see figure 2.19 [A-C]). 
The complexity of the project lay in the fabrication of the 
hanging batten where the end grain of the timber battens was 
exposed. The ends of the hanging battens were generated 
by cutting the battens with a free-form surface (see figure 2.19 
[A]). Thus, the end face of each batten was a quadrilateral 
surface that was non-developable. The original intent was 
to CNC mill the end face. The entire structure consisted 
of 756 battens. CNC milling each face would have taken 
about 126 hours (typically 10 minutes per batten, including 
setting up), which was not feasible within the tight schedule 
(see Appendix A for project background and procurement 
model). We had to develop a simpler way to cut the battens. 
Working with a conventional bench saw in the workshop, we 
realised we could optimise the non-developable surface to a 
Figure 2.15. Construction of Textile 
Cafe in Melbourne Convention and 
Exhibition Centre. Prefabricate ceiling 
parts were laid out in sequence ready 
for installation on site.
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planar surface, which required only one compound angle cut 
(see figure 2.16 [C]). Although this was a manual process, as 
long as sufficient data was provided, each batten took about 
a minute to trim, including setting up time; that is, 13 hours in 
total. We modified the scripted workflow to incorporate this 
cut parameter into the workflow. Figure 2.17 illustrates the 
three sets of data required to define each compound angle 
trim. This was produced as an Excel sheet (see figure 2.16 [E]) 
detailing the longest length of the batten (Lmax), the angle of 
cut on XY plane (θ1) and ZX plane (θ2). 
The data were indexed before output so the data structure 
aligned with the construction sequence (see figure 2.16 
[D]). This was a necessary administrative process that 
collated, aligned, and distributed packages of information 
to the appropriate outputs. The structural members had CNC 
routed fixing holes. A special jig was produced so battens 
of various lengths could be accommodated on the router 
bed.  The indexing process enabled the trimmed batten to be 
referenced back to the structure. We found this useful during 
the assembly process as it allowed us to orientate the batten 
correctly to the frame. 
When analysing the workflow of the script, the contributing 
factor was the transfer of the data structure; specifically, the 
inheritance of information by each script block, whether it 
was written for design parameters, construction setting out 
or assembly sequencing. It is the inheritance of these data 
structures that allowed the design and fabrication to be 
concurrently investigated with construction procedure within 
a single parametric workflow.
The strategy of integrating assembly into a single fabrication 
workflow from geometry to the product provided compelling 
evidence that procedural workflow can generate affordances 
to influence design intention and outcome. The completeness 
of the workflow allows my practice to gain control over most 
aspects of the project, from design to delivery. Here, I argue, is 
where one aspect of craftsmanship lies in my practice. Figure 
2.18 summarises the affordances resulting from the project.  
Figure 2.17. The three sets of data 
required to define each compound 
angle trim on a bench saw.
Figure 2.18. Affordances identified 
during and after the Textile Cafe 
project.
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Figure 2.19A. Study of trimmed timber 
chandelier to the seating area using 
a free-form surface.
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Figure 2.19B. Undulated ceiling with 
nested smoke black glass lighting.
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Figure 2.19C. Timber battens acting 
as screening device between users 
to provide privacy.
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Figure 2.20. Iterations of the virtual 
model of House #05 organised into 
categories of design constraints and 
opportunities. 
2.5.2 Iterative prototyping  
Iterative design process emerges from design search 
techniques, as a means to narrow down a hypothesis through 
testing. It requires the production of candidate solutions for 
consideration and choosing the right solution based on design 
judgement, intention and other values170. In my practice, we 
utilise both physical and virtual prototypes as candidates. The 
aim is to test a design intention against the design brief and 
other criteria, as the design intention at the start is often an 
abstract idea, an imagination or a hypothesis. We use the 
prototype to examine effects and performance, based on 
material quality, detailing, ergonomic, structural and assembly 
sequence.
House #05 deployed this strategy and took it to the 
construction level (see figure 2.21). Figure 2.20 charts the 
form development of the project (as virtual prototypes) 
over 24 months period between 2016 and 2018. The 
design development was catalogued by the procedure 
consideration of the building process, according to the 
material system, planning and topology, solar optimisation, 
threshold, interior stairs and structural input.  While these 
categories were not a linear correlation with the construction 
sequence of the house, they mapped the evolution of our 
design intentions over time. For the case study, we will examine 
how iterative prototyping (both virtual and physical) impacts 
on the scripted workflow of the roof design, from iteration 1.52 
to 1.60 in figure 2.20. 
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Figure 2.21. Iterative prototypes of 
House #05 showing the progression 
of design as design intention evolves.
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Figure 2.23. Multiple criteria 
optimisation of the roof form using 
Octopus, a plug-in to Grasshopper 
3D.
Figure 2.24. 1:50 scale models 
showing the evolution of roof 
structure grappling with the various 
performative requirements of the 
roof.
Case Study: House #05, affordances in prototyping 
Let us focus on the geometric development of the roof to 
House #05. Here, we will examine how iterative prototyping 
imparted knowledge on the scripted workflow (see figure 
2.21). The form of the roof was evolved out of an optimisation 
process testing the fitness of the surface to perform the 
function of a garden (maximum sunlight), a place to rest 
(a flat region which became the roof deck) and providing 
privacy from overlooking neighbours (see figure 2.23). The 
surface assumed a depth or thickness that responded to the 
solar gain of the dwelling, principally to reduce direct sunlight 
to the interior during the summer months (see figure 2.35). The 
surface was extruded as a ‘waffle’ system to provide shading 
to the interior (see figure 2.22).  
The original design intention of the ‘waffle’ roof structure 
was for the timber members to span in two directions 
which were notched together to produce a stable roof 
system. This removed any hierarchy in the structure and 
therefore produced a more homogeneous structure without 
differentiation of primary and secondary members. This rather 
‘naïve’ understanding of structure evolved out of a series of 
1:50 scale models of the roof design (see figure 2.24). Early 
laser cut prototypes were used to validate the aesthetic values 
delivered by the optimisation process. Here, the judgement 
was based on the interface between the roof system and the 
two flanking walls with consideration to extend the roof as 
part of the wall.   
As the roof took its form, concurrent conversation with the 
engineer soon made us realise this was no easy feat. Two 
concerns were raised. First, plywood, even structural plywood, 
is not considered a structurally certified material in Australia. It 
is suitable for bracing timber frames but not for load bearing 
members. The lack of Australian Standard documentation 
meant that the engineering calculations would need to 
convert the European standard to prove the material was 
deemed to satisfy the Australia Building Regulation as an 
alternative construction method. Design at this stage was 
fluctuating, and laminate veneer lumber (LVL) was still an 
option on the table. Second, the homogeneous ‘waffle’ logic 
was not structurally sound. Some parts of the roof were up 
to 1.7 meters deep, while other notches were too shallow to 
resist the loading of the roof. Instead, the roof was analysed as 
Figure 2.22. 1:25 scale model with 
one boundary wall omitted to 
illustrate the shoring roof.
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a series of 4-metre spanning beams bridging between the two 
concrete boundary walls, with a set of secondary ‘nogging’ 
to resist buckling of the primary members. 
To pursue the design in plywood, we engaged TGA (previously 
Timber Imagineering), a specialist timber engineer for the task. 
They have an in-house engineering team with manufacturing 
facility - a similar setup to LLDS but in the discipline of timber 
engineering. The resulting structure consisted of 3 x 18mm 
thick structural plywood; the European Standard was deemed 
equivalent to an Australian Standard F22 grade timber (see 
figure 2.25). LLDS would prepare all the cut file and milling, 
and TGA would laminate and certify the roof members.
 
Geometry and material negotiation  
Concurrent with the engineering process of the roof, the 
geometry of the roof was modified and updated regularly. 
Structural information was built into a parametric model in 
Grasshopper 3D. Figure 2.28 maps the scripted workflow of the 
roof structure. The script defined the geometric requirement 
of the roof structure. Notably, these requirements, which 
included engineering detail, drainage criteria and material 
constraints became ‘plug-ins’ to the primary workflow to 
shape the design outcome; for example, the impact of the 
plywood decking on the geometry of the roof (see figure 2.28 
[4]). The roof structure was to be clad with 2 x 12mm thick 
structural plywood to act as a decking before been sprayed 
with expanded insulation foam and coated with a liquid 
rubber membrane. Figure 2.26 shows an isometric build-up of 
the roof. 
Figure 2.25. Structural analysis of 
18mm plywood showing an even 
distribution of stress in the main roof 
area. Image courtesy of Timber 
Imagineering. 
Figure 2.26. Isometric of roof showing 
the various component as well as 
the sedum roof build-up.
The plywood deck (see figure 2.26[A]) is to be fixed to the 
roof structure [B] with its edge [C] in contact with the primary 
structure. As the underside of the panel will be visible from 
the interior, the details must be considered. The quadrilateral 
grid produced a hyperbolic paraboloid panel. Early 1:25 
scale models demonstrated the struggle to panelise the 
roof into triangular panels to reduce the complexity of 
the roof construction; the planar surface would simplify 
the installation of the insulation. However, this solution was 
structurally inadequate as the mid-point of each panel was 
not supported. We had to revert to the hyperbolic paraboloid 
quadrilateral surface. Figure 2.27 shows an early iteration 
of the triangulating roof [A], and current design with an 
optimised quadrilateral surfaced roof [B].
To ensure the design was feasible, we devised a simple 
experiment to test the bending capacity of plywood, as 
shown in figure 2.29 [B]. The experiment identified the limits 
of the material. We tested both 12mm and 17mm thick C/D 
plywood with an edge length of 730mm x 730mm. Figure 2.29 
[A] illustrates the findings.  
The experimental results fed back into the scripted workflow. 
Regions that were not within the material capability of the 
bending were highlighted, and the curvature of the roof was 
adjusted locally, so the deck panel was within the limits of 
the material. The design outcome contained a small number 
of panels not within the warped constraints of the plywood 
(see Figure 2.30 [5]). Subsequent structural analysis of the roof 
required the deck to be 29 mm thick composed of a 12 mm 
and 17 mm ply laminated and mechanically fixed together. 
Figure 2.27. 1:25 scale models use to 
test the paneling geometry to the 
roof deck.
 
[A]
[B]
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Figure 2.28. Workflow of the roof 
beam from abstraction of design 
parameter to include optimisation 
and fabrication data.
Detailing 
Some 1:1 prototype of the roof was constructed at tender 
stage to investigate the detailing and the finishes of the roof. 
Figure 2.31 shows one of the prototypes with the roof light 
detail.  These prototypes allowed us to encounter the scale of 
the roof member at 1:1 scale and to investigate joints, notching 
and fixing details as specified by TGA. 
We also use the prototype to test the manufacturing 
sequence and assembling process. As the primary members 
are longer than the CNC bed size and the standard sheets 
format, each beam would be composed of three laminated 
layers of 18 mm plywood. All vertical joints were finger jointed, 
and the joint line on adjacent layers must not match in order 
to increase the strength of the member (see figure 2.32 [A]). 
We scripted this sub-division criterion into the overall workflow. 
Figure 2.33 illustrates the assembly procedure for another 1:1 
prototype testing the laminating process and fixing details. It 
demonstrates detailing through digital fabrication and the 
shift from a layered construction to a procedural practice.  
The roof junction was an intricate piece of joinery in itself. A 
1mm deep registration notch was milled on one face to guide 
the cross member into the slot. The guide would become useful 
when craning in the members due to their size and weight. 
Fixing holes were pre-pocketed to achieve a consistent 
aesthetic on site as all plugged holes will be visible. Initially, the 
plug holes resumed a circular shape. Following the making of 
the first 1:1 prototype, we realised that the plug holes should 
have an orientation so they can instruct the contractor on the 
Figure 2.29. Physical experiment set 
up to test the bending capacity of 
the structural plywood.
[A]
[B]
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Figure 2.30. Optimisation of roof 
deck using feedback data from the 
physical experiment detailed in figure 
2.29. 
direction of the screw fixing to avoid tearing the surface.  From 
the prototype, the grain orientation of the plywood was critical 
to the visual expression of the roof. To make the beam appear 
‘lighter’, the plywood grain would need to run along the long 
length of the sheets. However, structural plywood typically 
has a cross grain orientation. To resolve this, a bespoke batch 
of long grain structural plywood was imported from Russia. The 
orientation of the parts was therefore critical when it came to 
nesting them on the plywood sheets. Again, we incorporated 
this information into the scripted workflow, so the final milling 
geometry output was automated (see figure 2.28 [D]).
 
Discussion 
This case study demonstrates how engineering and material 
behaviour provided opportunities and constraints to the 
design of the roof. The iterative prototyping strategies 
constructed a consistent feedback loop between the 
digital and physical prototypes, enabling the form of the 
roof to be incrementally modified over the design period. 
This allowed us to build a robust script that would take the 
design intention seamlessly into fabrication (see Figure 2.28 
[D]). During the feedback process, the design intention of 
the roof was subtly modified from an optimised performance 
surface to a 3D articulated ‘thick’ surface that incorporated 
a fabrication procedure (see figures 2.23 and 2.24). While it 
continued to be aligned with its performative criteria, it also 
combined knowledge of material behaviour, engineering and 
fabrication know-how. We have consciously shifted from the 
layered approached to a procedure method of construction. 
Figure 2.31. 1:1 scale prototype of 
roof ‘cell’ showing trial construction 
of roof light structure.
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Figure 2.32. Construction drawing set 
used for communication between 
LLDS and Timber Imagineering. [A] 
Figure joints to the three layers of 
laminated plywood to form the 
primary beam. [B] Fixing location 
and plug hole detail. [C] Detail of 
finger joint including consideration for 
tolerance. [D] Prototype of a finger 
joint.
Figure 2.33. Assembly procedure of 
a 1:1 scale roof beam prototype. A1, 
Application of glue to figure joint. A2, 
three layers of plywood were joined 
together. A3, a bespoke clam was 
designed to apply consistent pressure 
to the panel. A4, Notch member, 
mechanically fixed to the beam after 
the clamp was removed. A jig was 
used to guide the screwdriver angle 
to ensure consistency throughout the 
fixings. A5, 1:1 scale prototype against 
the 1:125 scale model. A6, Test to 
check the glueing method produce 
sufficient bond between laminated 
panel. Part of the prototype is cut 
up and split between the glue joints. 
Areas where plywood were severely 
splintered (with dark and light layer 
showing through) denoted a good 
bond. The area where the ply layer 
remained intact indicated an area of 
a poor bond, i.e. insufficient pressure 
during the glueing process. The test 
was conducted 3 months after the 
prototype was completed.
[A1] [A2]
[A3] [A4]
[A5] [A6]
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Figure 2.34. Affordances identified 
during and after the project.
The affordances provided by the physical prototypes not 
only produced vectors in guiding the design process, but also 
offered material information that contributed to the evolution 
of the design. The form of the roof was less of a singular design 
idea than a carefully selected set of affordances that were 
enacted over time; affordances that pointed us to design 
the shape of the plug, the finger joints, the thick surface and 
the warp roof decking. The iterative nature of the prototyping 
activities in the form of scripted workflow and making using 
CNC devices should be considered a cohesive activity. 
Critical repetition of the prototyping process allowed the 
practice to differentiate and explore the emerging aesthetic 
values of the project, which was used to inform and negotiate 
the design intention. 
The detailing considered in this case study points towards a 
complexity only acquired through the making and assembly 
process. The plug for the fixing and the finger joints are specific 
instances where the detailing was developed out of combined 
knowledge of the CNC procedure and making processes. 
I contend that the fabrication of the roof qualifies as digital 
craftsmanship, as detailing is borne out of the tectonic process.  
Other layers of detail also exist in the scripted workflow that 
encompassed the complex set of design criteria and evolving 
design intention. Figure 2.34 summarises the affordances 
resulting from the project. It demonstrates how prototypes 
can generate affordances to influence design intention and 
outcome.
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Figure 2.35. Top, diagrams illustrating 
the design intention of the projects; 
the diagram is modified several 
times to track the shift in design 
intention caused by the affordances 
uncovered through the iterative 
prototyping process. Right, exploded 
isometric drawing showing the 
various aspects of the project.
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Figure 2.37. Ergonomic study of 
Stamp Chair. Seat imprint using 
expanded foam is digitally scanned 
and ergonomic data extracted for 
design.
Figure 2.36.  The joint as the generator 
of the plan in Foundazione Querini 
Stampalia by Carlo Scarpa.
2.5.3 Material Interfaces 
An interface is a point or moment where two systems meet 
and interact; a term more commonly used in the field of 
computer-user interface. Media theorist Siegfried Zielinski refers 
to interface as,
the common boundary of (media) people and (media) 
apparatus, … At one and the same time it divides 
and connects two very different worlds: the world of 
creatively acting subjects - whether they be primarily 
perceiving or directly aesthetically productive - and the 
world of machines and programmes.171   
In design, the interface offers obvious affordances as it provides 
information that can be acted upon with intention172.  This 
perception of affordances in the object is not prescribed, 
but uncovered. As McCullough suggests, affordances imply 
opportunities as well as the concept of constraints, and together 
they shape expression through form.173 I call this the affordances 
of design. In architecture, the interface between the user 
and space is commonly experienced through the parts or 
components the body interacts with, both visual and tactile. 
This is a powerful design strategy as demonstrated in the 
work of Carlo Scarpa; specifically, the Foundazione Querini 
Stampalia in Venice where the joints and junctions between 
materials construct the entire spatial narrative (see figure 
2.36). As Frampton observes, ‘the joint is the generator rather 
than the plan’. 174 This reading of detail suggests another 
understanding of affordances; one that is ‘for’ design not ‘of’ 
design. 
In my practice, material interfaces exist in the detailing of 
corners, edges, junctions, and levels. Our furniture design 
is often considered in line with this strategy. The scale of 
furniture and joinery demand an attention to detail that 
recognises the ergonomics of the body. We revisited the 
ergonomics of seating in the Stamp chair where we explored 
the thermoforming of PET plastic panel (see figure 2.37). 
We digitally scanned an imprint of a seat moulded from 
expanded polyurethane foam to gather 3D ergonomic data 
for our design. The process allows us to develop a better 
understanding of the form the body generates, instead of 
utilising Tilley and Dreyfuss’s static ergonomic study175. In the 
case study below, we will examine how detailing provides 
affordances ‘of’ and ‘for’ design in the House #13 project 
(also known as the Zinc Houses).
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Figure 2.38A. Joinery as the main 
material interface of House #13
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Figure 2.38B. Joinery as the main 
material interface indicated on plan.
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Figure 2.38C. Joinery acting as 
material interface in the interior of 
House #13.
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Figure 2.38D. Timber balustrade of 
House #13.
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Figure 2.39. Left, the geometric 
transformation of balustrade and 
handrail around a dog-leg stair. Right, 
integrated handrail and balustrade in 
House #13.
Case Study: House #13, affordances for design 
House #13 explored material interfaces as design strategy. The 
timber joinery of the house was used as partitions and means 
to organise everyday living. The primary design interface was 
where the hand touched the architecture (see figure 2.38, 
A & B). From the outset, we isolated this package from the 
building contract so PTM could manufacture the design (see 
Appendix A for project background). This allowed us to gain 
control over the quality of the joinery, and more critically, it 
enabled the practice to spend time developing the joinery 
language. The time delay was deliberate as we wanted to 
interrogate the detailing during the making process.  
The handrail became the starting point of the design process. 
We examined the geometric transformation of the handrail 
as it turned a corner (see figure 2.39). The virtual prototype 
provided the geometric opportunity for the design, as the 
twisted rule surface offered affordances of grasping while also 
allowing the hand to glide over it. The geometric transition 
provided a change in the sectional profile of the timber [a-
d], which gives the user different ways of interacting with the 
handrail according to their strength and size of grasp. This is 
the affordances of the design.
The part faceted and twisted surface detailing was used to 
articulate joinery corners and edges for the rest of the house, 
including the CorianTM kitchen worktop and built-in cabinets 
(see figure 2.38, C & D). Critically, during the fabrication of 
the detail, we realised the detail we had developed was 
incredibly time-consuming to make. It is also challenging to 
mill the faceted and twisted surface on multiple planes, and at 
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Figure 2.40. Above, designing with 
geometry. Below, designing through 
tooling as a means to optimise the 
efficiency of CNC machining.                    
the time of manufacturing we only had a three-axis router. We 
produced registration jigs for double-sided and three-sided 
milling, sometimes splitting complex surfaces into numerous 
parts to reassemble them as seamless components. We were 
hitting the limits of what a three-axis CNC machine could deliver.  
 
The last package for this project was the external fence. 
Learning from the complex milling of the handrail, we adopted 
a different technique to reduce the milling effort drastically 
and at the same time continue the joinery language. Using 
V-shaped tools, we could produce surface variation by varying 
the depth of the cut. Instead of modelling the geometry, as 
in a typical digital fabrication workflow, we modelled the 
paths of the tool. The scripted workflow became the means 
to visualise the generated outcome (see Figure 2.40). 
The material interface in this project enabled us to design 
from strategy to architectural detail. While the detail 
created affordances of design (see figure 2.40, left), it 
was the fabrication process, and more specifically the 
tooling process, that generated affordances for the design 
(see figure 2.40, right). Here, the alignment of fabricator’s 
knowledge in detailing and its procedural system was kept 
within a single workflow to create a novel aesthetic. Within 
the context of a built project, the strategy to delay the 
designing process and allow the act of making to play out 
its opportunities as well as constraints, is productive but at 
the same time risky. I will delve deeper to examine the use 
of the tools as a design agent in the next chapter. Figure 
2.41 summarises the affordances identified in this project.  
Figure 2.41. Affordances identified 
during and after the project.
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2.6 Conclusion 
In this chapter, I considered the contemporary context of 
digital fabrication and its relationship with material practice. 
I define my digital material practice as existing in action 
through design strategies. Within this mode of practice, 
architectural detailing encapsulates the dynamic reading of 
digital craftsmanship. 
I have defined three types of relationship in my community of 
practice that inform my design thinking. Through examining 
the case study projects, I have demonstrated how design 
strategies—which include procedural logic, iterative 
prototyping and material interfaces—start to carve out an 
original territory for my practice. Here, design strategies 
rooted in the making process foregrounded detailing as 
a new form of intricacy in architecture. Through digital 
fabrication workflow and prototypes, I examined my tectonic 
culture where architectural details emerge from a set of 
aesthetic values found through affordance in the making 
process. Figure 2.42 summarises the various affordances of 
design and affordances for design revealed through the four 
case studies. 
Prototypes served as examples of my search for intricacy. They 
are a means to resolve the detailing of the project with dual 
functions; that is, as a device for testing design speculation 
as well as providing affordances for further designing. These 
prototypes are details that explore joints (articulated, blended 
or make smooth), geometric relationship (the resolution of the 
surface; curvature and junction), fixing, support, sequencing 
(assembly and fabrication) and tolerance (within a material 
itself or in relation to another). It is through scripted workflows 
that detailing emerged from the strategy. Here, we have 
broadened the role of the architect from a specifier of 
construction techniques to include specification of know-
how, fabrication and assembly. Through examining the 
design strategies, I have foregrounded the aesthetic values 
of my practice, a discussion that continues in Chapter 5. The 
prototypes act as defining moments for the project, placing 
a temporary marker in the project timeline and sparking the 
beginning of something new. This reading allows my practice 
to forge a unique voice among my community of practice.
In the next chapter, I will examine the agency of making 
through tools and tool making.
Figure 2.42. Summary of affordances 
of design and affordances for design 
through the case studies.
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3.0 Agency of 
Tools
An Architect must be a craftsman. Of course, any tools 
will do. These days the tools might include a computer, an 
experimental model and mathematics. However, it is still 
craftsmanship – the work of someone who does not separate 
the work of the mind from the work of the hand. It involves a 
circular process that draws you from an idea to a drawing, 
from a drawing to an experiment, and from a construction 
back to an idea again.  
Renzo Piano176
Architecture as a form of material practice relies heavily on the 
tool that is deployed by the architect during the design process. 
I refer to a tool as a primary piece of equipment that assists in 
the making and design process, which includes manual tools, 
automated devices, computer software and hardware. In the 
previous chapter, I discussed the design strategies used in my 
practice that are rooted in the making process to create new 
intricacy in digital craft. 
In this chapter, I will examine the agency of making through 
tools and tool making. The agency of tools emerges from 
field research conducted during the course of my PhD where 
I interviewed five leading craft practitioners. The interviews 
provided first-hand knowledge and understanding of the 
relationship between craft practice and their use of tools. 
Concurrent with my observation of these craft practices, I also 
reviewed the various theoretical frameworks around making. 
Three frameworks are outlined and analysed in this chapter. 
These theoretical frameworks all pointed towards my research 
question: What is the agency of making and its method of 
delivery? This enquiry underpins how and why I practice 
through making. I have used two case studies to uncover the 
affordances provided by tooling: the first, through the use 
of tool in design, and the second, through the making of a 
new tool. I conclude by reflecting on the role of tool and its 
associated agency. I also consider its relationship with the 
design intention of the maker and designer, and observe that 
the boundaries of digital craft is not limited by the workmanship 
of risk but are much more pluralistic in nature.
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3.1 Theoretical Framework of making 
I have identified three theoretical frameworks around 
making that are relevant to this dissertation. For me, there 
is no hierarchy between the frameworks. They are useful in 
their way to explain how making can be a generative design 
driver. While each frame is accompanied by a case study or 
research project, it is not intended for the projects to qualify 
the framework. Instead, the framework is merely a framing 
device that allows me to drill deep into my investigation of 
where agency exists in the making process. 
From the critical literature diagram (see figure 3.01), I have 
observed a renewed interest in the discourse of making over 
the last five to six years. By this, I am not referring to literature 
covering the topic of digital fabrication in architecture but 
those that examine making as a knowledge-generating 
activity in its own right (see the inner circle highlighted in 
figure 3.01). This is primarily the consequences of the open-
source culture emerging at MIT around 2001177. The increased 
accessibility of CNC fabrication tools, the rapid development 
of electronic prototyping platform and microprocessor, as well 
as open protection of intellectual property known as Creative 
Commons, all aided the renewed culture of making178. In 
architecture discourse, it is only in the last few years that 
we see a broader discussion of the impact of open-source 
systems on design and practice179. 
Making in architecture is often discussed in relation to craft180 
or craftsmanship181 and digital craft when considered in 
connection to digital fabrication182 as we have touched on in 
Chapter 2. Notably in discussing digital craft, almost all authors 
have referenced David Pye’s concept of workmanship of 
risk183. This is the first framework. I will analyse Pye’s notion of 
workmanship through my field research with contemporary 
craft practitioners and discuss the idea of structural coupling 
of practice. Through structural coupling of tools, material 
and techniques, craft practitioners can create continuous 
designing within their repertoire.  
The second framework is based on Lambros Malafouris’s theory 
of material engagement where knowledge is internalised to 
the material itself184. He argues that making has agency and 
can deliver knowledge; habitual or new. We will examine 
the agency of tool through the design and fabrication of the 
concrete formwork for House #05, where tooling is used as an 
agent to generate affordances.    
The last framework is based on Matt Ratto’s critical making185. 
Ratto suggests material engagement through electronic 
prototyping can construct critical meaning as a form of social 
enquiry. I have cross-pollinated this framework with Malofouris’s 
notion of agency to investigate how tool making can provide 
affordance for my design process. Here, I will present a novel 
invention: a CNC adjustable mould for casting doubly curve 
concrete panel.
3.2  Framework 1: Digital Craft and workmanship  
The developments in computational software and increased 
accessibility of CNC fabrication tools such as the CNC router, 
3D-printer, laser cutter and robotic manipulator arm, have 
led to new terminology such as ‘digital craft’186 and ‘digital 
making’187. Both terminologies imply a relationship between 
craft and digital fabrication. It also indicates an intimate 
connection between material and its production, CNC tools 
and making techniques — critical ingredients in contemporary 
design processes188. 
As discussed in Chapter 2, McCullough is one of the earliest 
authors to connect craft with computational design. 
McCullough uses the word, ‘digital craft’ to describe the skill in 
using the hand and mind to manipulate data and information 
on the computer. He draws a similarity between computation 
design and craftsmanship, comparing the use of prototypes 
and grammars in computational design to pattern books used 
by traditional artisans. He asks, ‘if the tightening loop between 
design and fabrication does indeed give people a renewed 
sense of workable material, responsive process, and mastery 
over form-giving enterprise, then is that a renewed form of 
craft?’189
Following on from McCullough’s argument of digital craft, 
David Pye’s concept of ‘the workmanship of risk’190 is used 
extensively in current architectural discourse to qualify digital 
fabrication as craft production191. The reading of digital 
fabrication in architecture as a craft is limited because the word 
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Figure 3.01. Review of critical literature 
relevant to the dissertation. Black lines 
denote direct reference of content 
by authors of later date. Pink lines 
indicate a secondary relationship to 
a particular theoretical framework 
or school of thoughts. Copyright 
material omitted.
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‘craft’ is used as an analogy to draw parallels between craft 
production and digital fabrication techniques. As numerous 
authors have pointed out, the debate around the level and 
nature of technology harnessed in craft production is not 
new192. However, there remains a gap in the knowledge of what 
contemporary craft practice can bring to digital fabrication 
as a discourse or, more precisely, the mechanism that allows 
digital fabrication projects to be understood as a form of craft 
practice. This dissertation aims to address this gap by examining 
the agency of making as a knowledge-generating activity in 
design, and, more critically, how a practitioner can put such 
agency into practice through design projects.
David Pye suggests high risk in making can yield positive design 
opportunities. In other words, through taking risks in working with 
the material, tools and techniques, the workmanship can be 
pushed to its limit, and new knowledge can be generated193. 
One can argue that the contradiction in making with CNC 
tools is that almost all outcomes are predefined in the digital 
model, and therefore the act of making is inherently low 
risk; as reflected in the background of CNC technology (see 
Section 1.5). However, depending on the use of material and 
techniques deployed, degree of uncertainty can remain. So, 
how can digital fabrication projects meet the criteria that raise 
‘making’ to the level of craft practice, by one or several of its 
many definitions? 
To explore the above questions, I re-examined Pye’s concept 
of workmanship. To better understand how this discussion could 
be useful, I have coupled the textual analysis of Pye’s writing 
with my analysis of the semi-structured interviews undertaken 
with contemporary craft practitioners. The aim is to develop a 
particular reading of Pye’s notion of workmanship through the 
research. 
A series of semi-structured interviews with contemporary craft 
practitioners was conducted between 2014 and 2015 (see 
figure 3.02). These practitioners were chosen because they are 
leaders in their field. The aim is to examine how practitioners 
deploy and invent tools for making, which includes techniques 
to develop their craft. The craft practices I have engaged 
define the context of craft in this dissertation. Here, I refer 
to ‘craft’ as the production of a material artefact, which is 
bespoke and original in design, with small or limited production 
runs that are typically customised. I also come to interpret craft 
as a process, an approach, an attitude or habit of action; 
whereas Adamson describes craft as only existing in motion194, 
much like Stan Allen’s position on architectural practice. I have 
also included an expanded description of the word ‘craft’ in 
the Glossary to capture its broader meanings.
An essential component of the knowledge used in the making 
process is often categorised as tacit rather than explicit 
knowledge that can be difficult to capture195. I begin to structure 
a new framework around tacit knowledge in making as an 
active design agent – the repertoire in craft practice, a term 
coined by one of the interviewed craft practitioners196. Here, 
the repertoire refers to the wide-ranging use of techniques and 
tools within a given practice. I suggest the repertoire defines 
the craft practice by building a complicated relationship 
between tools, materials and techniques, regardless of the 
application of digital technology or not. What emerges from my 
analysis is an understanding of the interdependent relationship 
of materials, tools and techniques in the making process, 
the nature of the relationship and how it is affected by its 
context. These relationships, explored through systems theory, 
reveal how craft practice construct a continuous designing 
environment. I contend that we need to seek a more profound 
understanding of craft practice, which can be used to inform 
the way we practise digital fabrication in architecture to 
reconsider the role and relationship of the ‘digital’ in the making. 
 
3.2.1  Re-examining Pye’s notion of workmanship 
The fundamental reason for many authors to align digital 
fabrication with Pye’s writing is because Pye was foremost 
a craft practitioner197. Unlike other authors who have written 
on the topic of craft in the 20th century, his writing reflects 
his practice. Hence, the semantic of craft was absent from 
his writing. Instead, he chose to focus on understanding 
the making process and its relationship to design intention. 
 
Pye postulates the idea that craft is about workmanship and 
technique. Within workmanship (be it good, bad, rough or 
precise) lies an intimate relationship between the design 
intention of the designer and the execution of the work198. 
To make an accurate judgement of workmanship is to 
Figure 3.02. Semi-structured interviews 
with craft practitioners. Each interview 
is summarised in a 5min short videos. 
Refer to the Appendix B for an edited 
transcript of the interviews.
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understand how closely the design is aligned with the executed 
object. Here, Pye described a ‘sliding scale’ relationship, 
what Glenn Adamson called ‘moving target’199; for example, 
good workmanship is where the physical object is aligned 
with the design and bad workmanship is where the executed 
object is far removed from the design intention (see figure 
3.03). This sliding scale model is relevant because it allows 
us to evaluate workmanship in relation to design intention. 
 
While the terms ‘workmanship of risk’ and ‘workmanship of 
certainty’ are set up in a dichotomy, they are intended as 
another sliding scale model. In his critique of mass production, Pye 
emphasises the lack of risk in workmanship. Similarly, he recognises 
that at various stages of work there are different levels of risk. For 
example, in a mass production scenario and from a product 
design point of view, there are high levels of risk at the preparatory 
stage in terms of tooling: preparation of tools, mould, etc. Once 
the procedure is refined through an appropriate tooling process 
and establishment of control over the material (using mould or 
jig), the level of risk is typically reduced. This coincides with the 
economic requirements of mass-produced artefacts: lower cost, 
repeatability and controllable production200. According to Pye, 
most craft practice leans towards the risky end of the spectrum 
with a certain level of control and dexterity in the process, 
as I have observed through the semi-structured interviews. 
Figure 3.03. Top, Pye’s sliding scale of 
workmanship. Bottom, spider diagram 
showing (as typical) the control over 
tools, material and techniques. Poor 
workmanship typically has one or 
more of these criteria indicated as 
low in control. While a product of 
good workmanship typically has a 
high level of control over the tools, 
material and technique. Here, I used 
the production of PAM panel as an 
example. I have previously utilised 
the same method of analysis to 
described David’s Pye’s workmanship 
of risk at various stage of work in the 
production of a craft artefact in a 
peer-reviewed journal article titled, 
“Reconsidering Pye’s Theory of 
Making through Digital Craft Practice: 
A Theoretical Framework towards 
Continuous Designing” (pp.192-194). 
3.2.2 Field research: Understanding contemporary craft   
 practice 
I have interviewed five craft practitioners: Brendan Dwyer 
(shoemaker), Kris Coad (ceramic artist), Marcos Davidson 
(jeweller), Damien Wright (furniture maker) and Steve Howden 
(leather jacket and inflatable structure maker). Four of the 
practitioners work within traditional media, while Steve Howden 
operates across manual process and digital fabrication. On 
average, each craft practitioner interviewed has over 20 years 
of practice and is an established leader in their field. All the 
practices are small scale with a focus on making custom and 
one-off products or design. 
Each participant was asked the same set of questions with slight 
variations, depending on the trajectory of the conversation. The 
discussion was centred around their practice, with emphasis on 
their techniques, tools and processes. Below is a small sample 
of the questions asked:
• How do you develop your technique?
• Do you think the tools you use define your practice?
• Do you invent your own tools?
• How do materials or material systems influence your 
design or design thinking?
Responses from the interview are analysed and synthesised 
in the following sections. Appendix B contains the full sample 
questions and the edited transcript of my dialogues with the 
practitioners.
I have chosen to interview craft practitioners from a wide 
variety of discipline because I am interested in the practitioner’s 
relationship with their tool, materials and techniques. The 
interviews are useful as a means to conduct a comparative 
study between the practitioners to understand their praxis. 
The more extreme the practice, the easier it is to identify the 
commonality between them in terms of how the practitioner 
used tools, materials and techniques. Above all, I learn from 
their practices. I started merely observing their praxis; then 
the observations encourage me to practice like the way they 
are practising201, which I shall unfold in greater detail in the 
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Figure 3.04. The repertoire of 
Marcos Davidson, illustrating a set 
of techniques and tools deployed 
on specific material can produce 
variable design and artefacts.
• Tools are often modified, adapted and invented to 
contribute to the design repertoire of the practice. 
It enables practitioners to generate new design and 
techniques. 
• The type of material deployed conditions the toolsets, 
techniques and ultimately the boundary of the practice. 
The clarity of the boundary, in fact, defines the locus of 
the practice. 
These findings begin to describe the formation of repertoire 
in craft practice where the fluid relationship between tools, 
materials and techniques can produce a variable set of 
material outcomes (tools, materials and techniques are 
identified by Pye as the three key aspects in the making 
process). The repertoire is defined as a range of styles or 
varieties of a language available to or mastered by an 
individual203. The keywords here are range and variety. My 
study demonstrated that a defined bandwidth of tools 
and techniques applied to a specific material leads to a 
repertoire, within which a wide range of design variation is 
possible. Figure 3.04 illustrates Marcos Davidson’s repertoire of 
techniques and toolset in jewellery making.
The description of repertoire above is different from the 
traditional perception of craft practice as a linear thought 
process, where abstraction of the object’s form and function 
is preconceived, before the application of specific techniques 
and materials using a predefined set of tools. Risatti calls 
this a functional-form concept that is ‘filled with material via 
techniques’204. Here, Risatti places the conceptual thinking of 
the craft object before the making process. He recognises the 
making of a craft object as ‘working of consciousness itself’ but 
avoids explaining how design knowledge can be generated 
through the process of making. In my interview with Kris Coad, 
she eloquently said, ‘when you know your material then you 
don’t have to worry about the material anymore. You have to 
worry about the concept and to express the concept.’
One of the reasons why it is difficult to pin down the 
relationships between material, tool and technique are that 
these relationships are, in fact, opaque, precisely because the 
design process takes place within a closed loop. That is, the 
incremental innovation that occurs within each of the studied 
craft practices is self-referential and only fully understood by the 
latter part of this chapter and return to examine the effect in 
Chapter 5. In other words, my research begins to take on an 
autoethnography aspect202.
3.2.2.1 Finds from semi-structured interviews 
While the material outcome of each craft practice varies, there 
are commonalities. Below are some findings that are relevant 
to this dissertation:
• Completeness of the process from design to 
production. That is, the entire process of making from 
start to completion is overseen, managed and designed 
by a single practitioner. While there may be assistants 
involved, the work is developed within a set of ‘controlled’ 
environments. Marcos Davidson described this as having 
autonomy over techniques, tools and materials.
• Design is seen as a continuous, evolving practice. The 
design process of each practitioner evolves with the 
workmanship underpinned by techniques and material 
understandings. The workflow is developed within the 
knowledge of techniques, tools and materials. 
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individual makers. Adamson calls this incremental innovation 
a revelation in the experience of craft, which has to be hard 
won205. Meanwhile, its implication allows each of the practices 
to develop unique aesthetics and design strategies.
My interviews with the practitioners provided glimpses into 
their experience of craft. For example, figure 3.05 illustrates the 
modified tools of the practitioners: Steve Howden [A] created 
a bespoke jig to facilitate CNC cutting of fabric and leather; 
Marcos Davidson [B] invented as well as modified tools to allow 
him to punch and shape silver into specific geometries and 
decorative motifs; Kris Coad [C] developed techniques to fire 
feathers and paper as delicate porcelain objects; Brendan 
Dwyer [D] adjusted his skiving knife so it can perform multiple 
tasks; and Damien Wright [E] adjusted and built bespoke jigs 
for each of his custom furniture projects. The modification 
and making of tools allowed the practitioner to exert a level 
of control over the materials and techniques. That is, the 
practitioner is actively reducing the level of risk or error in their 
making process. Through the tools, the practitioners exercise 
their design intention over the material. Nevertheless, the level 
of control is not absolute as the tooling must remain flexible or 
general purpose enough to remain in their repertoire so the 
tools can be re-used to create other works. This is not dissimilar 
to the flexible manufacturing system described in Section 1.5.
When Steve Howden started to adopt digital tools into his 
leather bike-wear production in 1999–2000, he faced an 
immediate challenge using existing off-the-shelf software to 
‘flatten’ his 3D digital model for CNC cutting. Digital pattern-
making software such as Exact FlatTM was not commercially 
available at the time. Off-the-shelf software can only deal 
with flattening simple developable surfaces such as a primary 
geometry, or single ruled; naturally, this does not fit with the 
complex curvature of the body. This led Howden to develop 
custom computational scripts to unroll developable surfaces 
for his inflatable structures and leather bike-wear. Howden’s first 
CNC cutter was a custom-made machine that was adapted 
from the cardboard packaging industry to accommodate 
leather cutting. He has since made bespoke jigs and modified 
the device with add-ons to facilitate his custom projects.
Customisation of tools at the software and coding level, 
together with the hacking of a CNC machine, starts to remove 
limitations imposed by others (software engineer and tool 
makers) over the practitioner. Here, the tool is transformed 
Figure 3.05. Craft practitioners 
modifying and creating new tools 
to control their techniques better. 
In return, the tools contribute to 
expanding their repertoire.  
128
from a piece of technical equipment into useful design 
and making technique. Through open source coding and 
electronic prototyping platform, it is now possible for the 
designer to modify and adapt the digital tool, in the same 
manner, that I have observed tool modification in craft 
practices. The tendency will continue as practitioners find the 
need to adopt technology to expand their repertoire. Those 
who push the boundary of their craft will soon hit the limitations 
of any off-the-shelf system. We shall examine the implication 
of open-source electronic prototyping platform in Chapter 4. 
3.2.2.2 Continuous designing: Feedback and repertoire 
A critical notion that emerges from my interviews with the craft 
practitioners is the need to develop a continuous designing 
ecology within their practice. In this section, we will first examine 
how practitioners structurally coupled tools and techniques to 
develop a feedback loop that drives design intention within a 
closed system. Then, we will examine how feedback enables 
practitioners to construct their unique repertoires. 
Through the interviews, I have observed how techniques, tools 
and materials are structurally coupled to produce a feedback 
system. The practitioners’ need to invent and modify tools206, 
develop customised software207 and adapt technology to 
new materials208, are evidence of the systemic potential of 
craft practice to construct new design opportunities. Here, the 
feedback is not just recursive but also generative in so far as 
the practice evolves, the aesthetic values and design intention 
of the maker co-evolve with this knowledge over time; in 
emergence, Johnson calls this a positive feedback system209.
The systemic feedback sustained the repertoire of the 
practitioner. The practice takes on its own life; it is both self-
referential and self-making. This evolving model has a similarity 
to the Reichel autopoietic theory of technology210. He describes 
technology as a self-referential system independent of the 
environment of society and the individual. It is a system that 
observes itself and evolves, not through artificial intelligence 
but a perpetual coupling with society and its functional systems 
such as economics, science and design. Rachel argues that 
technology develops and evaluates itself by the work of the 
engineer through coded language or social acceptance. 
If the technology works, then it is accepted and if it fails, it is 
rejected. Returning to our craft practitioners, their works are 
already coupled with economics, technology, art and design. 
The longevity of their practice is a testimony of the social and 
cultural relevance of their work. 
Craft practice is a conscious coupling of techniques, tools 
and materials. In systems theory, structural coupling brings two 
or more distinct systems together to exert influence over one 
another in a mutual manner211. In creative writing, John Wood 
calls this the act of ‘co-authorship’, where creativity co-evolves 
to produce innovation212. Heidegger already suggests that tools 
form systems and the invention of tools is formed out of a more 
extensive system, from which it obtains its meaning. He argues 
that the cultural context is implicit when anything is made213. The 
need to invent tools in craft practices is part of the self-making 
process. Within the more extensive system I refer to as the 
repertoire, the tools form a procedural chain of use; however, 
this chain can be broken and reconfigured, depending on the 
nature of making. I have observed from the workflow of Steve 
Howden214 that the introduction of digital software and CNC 
machinery allows for a flexible ‘plug and play’ relationship 
between tools, whether it is manual or digital. Howden refers 
to this practice as a form of flexible manufacturing (see figure 
3.06, right).
The workflow of information in this process is not linear but 
operates as a network. Through observing Marcos Davidson215 
working on a wedding ring, I could see the well-rehearsed 
strategy of making at play. The tacit knowledge of how to use 
a particular tool forms a link in the chain within the workflow of 
Figure 3.06. Left, the tool as 
procedural chain. Right, CNC tool as 
a discrete component in a plug-and-
play relationship with traditional tools. 
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production, as suggested by Risatti216. However, the tool can be 
assembled and re-assembled to suit the design intent. In some 
cases, the toolset becomes part of the design process (see 
figure 3.06, left). This strategy suggests a process of continuous 
designing in practice217. 
What is of interest is the information flow from the techniques 
to the tools and material. The information, although not written 
explicitly, is nevertheless coded. Reichel describes information 
as ‘a pattern that influences the formation and transformation 
of other patterns’218. That is, data in the first instance only 
becomes useful information when placed next to, or used 
to work or influence, another set of data. This working of the 
transformation process is as visible as a pattern. Returning to the 
making of a ring, the pattern of assimilating tools to transform 
the metal into a specific geometry (identifiable as a ring) is 
the transforming of material as matter into visible effects (of 
decorative patterns and geometry) and as the actualisation of 
information. The artefact is an embodiment of the practitioner’s 
tacit knowledge, exercised through the coupling of tools, 
techniques and materials. Through further social coupling, the 
ring gains sentimental value. The point here is that the aesthetic 
of the ring is not necessarily in the appearance of the object but 
in the making process of what Wallace and Press characterise 
as enchantment, empathy and intuition219. 
We shall continue to build on the above notion of continuous 
designing across the next two frameworks and, more acutely, 
to uncover the agency of tool through design projects. 
3.3  Framework 2: Material Engagement 
Lambros Malafouris provides another reading of making. He 
approaches making from an archaeologist point of view, and 
his argument is primarily based on observation of artefacts — 
in a sense, working backwards to understand the nature of 
what it means to engage with the physical material. I have 
highlighted two critical arguments below that are relevant to 
our discussion. 
First, Malafouris points out that ‘material signs do not represent; 
they enact. They do not stand for reality; they bring forth 
reality’220. For example, a speed bump on the road is not just a 
sign for cars to slow down. The very physical reality — that is, the 
height and shape of the speed bump — condition the slowing 
down of any moving vehicle. Any driver ignoring the material 
sign will feel the impact of the consequence. The intention 
behind the speed bump is outlined in its shape, material and its 
location; that is, the material form speaks of its design intention. 
Second, he argues that as the material form has intent, it also 
has agency; a quality that is not only limited to human activity 
but can be satisfied by a material in-so-far as the material (tools 
and technology included) can become an extension of the 
person. He highlights the role of the material agent through the 
making of an axe head, using the knapping technique on flint. 
The act of knapping, he argues, is an exercise of multiple agents 
at work; for example, the hand of the maker, the knapping 
stone, and the stone being knapped. Each subsequent strike 
of the flint determines the angle of the next strike. He suggests 
the making of the axe head is not the traditional notion of a 
preconceived image of the axe head within the flint, but rather 
an iterative negotiation of materials. He states, ‘There are no 
fixed agentive roles in this process; instead there is a constant 
struggle towards a “maximum grip”’221. 
The word ‘agent’ and ‘agentive’ should be differentiated to 
make the argument more precise. An agent is defined as ‘any 
element which ... makes other elements dependent upon itself 
and translates their will into a language of its own’222. Agency 
or agentive capacity is the capacity of an agent to act or to 
deliver information and knowledge. As Nafus and Beckwith 
observe, ‘knowledge comes not just in the planning, but in 
the doing’223. Referencing back to knapping of an axe head, 
the agent includes the hand and mind of the maker, the knap 
stone as well as the stone being knapped. The agency refers to 
the know-how exercise through the knapping technique such 
as the iterative strike angle. The various agents deliver specific 
pieces of knowledge or information that facilitate the process. 
As the maker actively engages with the material to produce 
the form through the act of making, the process of making is 
an enacted embodied engagement. Malafouris suggests the 
form of an intended object is not external, but learned and 
sustained as an idea and developed through the making 
process as an explicit ‘sense of agency’224. That is, the making 
process contains the intentionality of the maker expressed 
through the agency of tools and formed in the process of the 
activity. He posits, ‘intention no longer comes before action, 
but it is in the action.’225 
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3.3.1 Case Study: House #05 affordances of tooling 
In Section 2.5.2, I discussed the roof of House #05. This section will 
examine the in-situ concrete wall and soffit of the house. Here, 
I will highlight the implication of tooling on design; specifically, 
the agency of tool in the design process. Tooling refers to the use 
of tools associated with the machining procedure deployed in 
the making of an artefact. 
The texture on the interior concrete wall and soffit for House 
#05 extended the design knowledge gained from House #13, 
namely the use of a V-shaped cutter to produce variable 
patterns (see Section 2.5.3). As discussed, this is a cost-effective 
method to produce texture over a large area. The design relies 
on a subtle judgement between the efficiency of tooling and 
aesthetic values as described in Section 1.9. Salter refers to this 
as an economy of means in craftsmanship226. 
Experiment in pattern making using CNC toolpath 
The pattern for the concrete formwork is produced by 
generating a series of parallel lines as toolpath in Grasshopper 
3D, which is visually simulated in RhinoCAM. The tooling is 
performed on a 50mm thick Polyisocyanurate (PIR) panel 
coated with StyroSprayTM, a two-part polyurethane coating 
which forms a hard impact resistant surface. The coating 
provides a smoother and glossier surface to the cast and acts 
as a release agent. In the experiment, we used a standard 
concrete mix of one-part cement, two-parts sand and three-
parts aggregate. Figure 3.07 illustrates the outcome from the 
experimentation with the resulting cast to the right. The texture 
is based on standard tooling with variation in the depth of the 
toolpath. PIR is used instead of expanded polystyrene as the 
PIR will be re-used as insulation to the cavity wall and screeded 
floor.
Figure 3.07. Designing with tooling. 
CNC milled EPS mould generated 
through toolpath. Images on far right 
show the results of the concrete cast.
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To understand the constraints of the system, we tested the 
toolpath on some geometric scenarios as illustrated in Figure 
3.08. For example, the linear motion of the toolpath produced 
an unresolved design when applied to a radial layout (see 
figure 3.08[A]). Instead, the transition of depth works best 
when the linear toolpath was maintained, and variation in 
height was used to deliver a transverse or diagonal shift across 
the topography (see figure 3.08[B]). Figure 3.09 illustrates the 
application of the pattern to a concrete soffit, as an example. 
Notably, during the material experimentation phase, the 
overall surface texture was not yet designed. Like the joinery 
for House #13, we deliberately delayed and suspended the 
design process to maximise the affordances provided by the 
experiments and time to make sense of how best to deploy 
these affordances. The research demonstrated tooling as a 
critical agent with a direct contribution to the design process. 
What it affords are visual effects that allow my practice to 
speculate on its potential as soffit and wall finishes. Careful 
readings of these effects allow for a subtler interpretation of 
the design strategy deployed in my practice. 
Affordance through tooling 
Fifteen prototypes were developed. Figure 3.10 illustrates the 
outcome and the associated tooling used to generate the 
pattern. Early prototypes (see figure 3.10, A - J) explored the 
textural potential of the surface. The marking left by the tool 
produces depth to the surface. Among the tooling tested, only 
a small portion of the tooling was feasible as some produced 
undercut, which made the mould challenging to remove [B 
and C]. Some create an extrusion that was too fine and easily 
damaged when the mould was removed [F - I]. The profile, cut 
depth and tool width conditioned the pattern but at the same 
time provided a series of unique aesthetics that was useful for 
the design process. 
Figure 3.08. Virtual simulation of 
toolpath used to generate the 
concrete texture. Toolpath is tested 
on two geometric patterns. The 
radial pattern is problematic as the 
toolpath become less dense on the 
edge resulting in an area where a 
texture is not applied.
Figure 3.09. Early design iteration 
showing simulation of toolpath 
generated texture on the ground 
floor concrete soffit of House #05.
[A]
[B]
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Figure 3.10. Iterative prototyping of 
concrete texture with shape of the 
router bit next to each experiment. 
N1 and P test the join line in relation 
to the tie points. N2 explore the 
potential to bridge the tie points 
with brass component, in this case, a 
handrail and a coat hook.
[A]
[B]
[C]
[D]
[E]
[F]
[G]
[H]
[I]
[J]
[K]
[L]
[M]
[N1]
[P]
[N2]
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Figure 3.11. Matching VR model to 
physical site boundary. VR model 
used to test the spatial affordances 
of the various design components 
and concrete texture.
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Figure 3.13. Above, tie point and day 
joint locations determined through 
careful sequencing of the Peri 
formwork system.
 
Figure 3.12. Right, Detail showing 
splitting of the EPS panel and 
treatment around dayjoint.
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Figure 3.14. Above, the scripted 
workflow of the concrete wall 
from abstraction of parameters 
to formalisation and fabrication. 
Note the overlaps between 
design, fabrication and assembly 
knowledge. The convergence of the 
tacit and explicit knowledge is, even 
more, pronounced in this case study 
compare to the smart assembly of 
the textile cafe, figure 2.16. Right, 
isometric view of toolpath for the 
entire project.
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Figure 3.15. The tie point affords 
material interface for everyday 
inhabitation. An early prototype of 
handrail and shelving exploring the 
used of the tie point as support for the 
timber joinery.
The resulting pleated pattern [K, M & N] was developed based 
on an interference of two sets of toolpaths, which produces 
variable pleating across the surface. It visually resembles a 
pleated fabric or curtain. The variable surface generated could 
also be useful to improve the acoustic quality of the house 
through sound scattering, especially when the two boundary 
walls are parallel and opposite each other227. The affordance 
of visual softness and acoustic quality both informed the design 
intention of the interior. To understand the effects of the texture 
to the space, a virtual reality (VR) prototype was modelled so 
the practice can be immersed in the design (see figure 3.11). 
The VR model allowed the body to interface with the virtual 
prototype and produce immediate design feedback on the 
scale, textuality and resolution of junctions and detailing. Here, I 
have developed a spatial understanding of the interior through 
a direct bodily interface with the virtual space.
Through iterative prototyping, the practice can make a 
comparative study between the prototypes; they also provided 
tangible evidence of incremental learning. For example, the 
prototypes enabled us to incrementally develop not just the 
textual design but also the procedure associated with the 
casting process. For example, the application technique of 
the StyrosprayTM affects the finishes of the concrete. The more 
layers applied, the glossier the concrete surface becomes. The 
practice engaged with the concreter before the tender stage 
to learn about the formwork and its assembly process. For this 
project, the contractor proposed to use the PeriTM Duo formwork 
system to deal with the narrow site. However, the concreter 
has never attempted to insert PIR mould to create a textured 
concrete wall with the Peri system. The associated procedural 
knowledge that comes with the system, such as splitting the 
PIR panels for site assembly (see figure 3.12), and setting out tie 
points and day joint associated with the pour sequence (see 
figure 3.13), which need to be integrated into the design and 
production of the PIR panel. 
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The scripted workflow in figure 3.14 illustrates how tooling is used 
to structure the aesthetic decisions and practical demands of 
the mould design. For example, the interference pattern of the 
pleat is designed to align with the tie points which coincide 
with the concrete joint line (see figure 3.14 [B]). Figure 3.14 [C] 
(right) visualises the toolpath for the entire house for fabrication. 
The resulting tie point is plugged with a brass plate, which is 
sometimes used as handrails, coat hooks and picture hangers 
to support the inhabitation of the room (see figure 3.15). 
Through this case study, I have demonstrated how tooling 
can be used as a generative device for design. The profile of 
the milling tool brings forth the intent of the tool that is to cut. 
Through iterative design strategy, the tool acquires additional 
layers of affordances for future design, which is instrumental in 
informing and negotiating the design intent of the project. The 
tool is used as an agent to search for new design knowledge. 
It is accomplished first, through the procedural application of 
the making process which generates an inverse mould that 
disrupts the visual expectation of the designer. This provides an 
unexpected aesthetic that only emerges through physically 
casting the concrete. Second, the knowledge gained through 
the making procedure is incremental and learned. It is not 
dissimilar to Malafouris’ description of knapping an axe head, 
where the know-how is accumulated from effects resulting 
from the previous set of prototypes, which in turn is a response 
to an earlier set of intentions. 
The incremental and learned procedure as a form of agency 
generates an emerging set of aesthetics that is otherwise not 
possible without the act of making. While the aim is to build two 
flank walls in concrete, a material that is hard, it is negotiated 
through the agency of the tool to acquire visual softness with 
potential acoustic benefits. The result is a form of intricacy 
that could only be generated through material engagement. 
Designing with tooling, when coupled with iterative design 
strategy, enable LLDS to construct a continuous designing set 
of experiment. Here, design intention is suspended or delayed 
until a specific aesthetic value (such as the pleat) emerges. 
Figure 3.16 summarises the affordances generated by the 
project.
Figure 3.16. Affordances of (left) and 
for (right) design uncovered in the 
project.
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3.4  Framework 3: Thinking Through Critical Making 
To understand technology as an operative design agent, there 
is a need to position technology, not merely as a tool that is 
a means to an end but to carry specific conceptual thought 
processes that enable the design to emerge. Dermott McMeel 
observes how the two methodologies of problem solving 
established by Levi-Strauss can be intertwined and made useful 
for design: first, the engineering approach, which requires 
mastery of a specific domain; and second, the bricolage 
method of appropriating kit of part from the specific context 
to device solution through critique and iteration228. Matt Ratto 
refers to this form of making as critical making, where he situates 
the hacker culture as scholarly activities that examine making 
as a social-technological engagement229. He suggests that 
through making, the maker ‘writes’ with material to construct 
not just the logic of the system but also makes sense of the 
relationships between user and technology.230 The process of 
making sense of these relationships is the critical process of 
enquiry. Seymour Papert suggests the computer should be 
used as ‘material’ that has a role as a transitional object. The 
‘transition’ refers to the exploration of ideas through making 
where the design knowledge generated is carried through the 
making process231. Here, the computer as a tool is seen as having 
an agentive capacity to be able to enhance communication 
and cognition, as it can carry and deliver knowledge.
3.4.1 Tool making in design practice
Without tools and the ability to use them, men were indeed 
but a ‘poor, bare, forked animal,’ … Hence it is not without 
good reason that man has by some philosophers been 
defined as a tool-making animal.
Samual Smiles232
Recent software and hardware advancements have allowed 
designers to engage design, directly with technology. 
Open-source electronics prototyping platform has allowed 
designers to tinker with electronics and build reasonably 
stable and complex mechatronic systems without prior training 
as engineers. Through open source codes, designers can 
implement and modify the logic of a device using software 
coding instead of messing around with the hardware, which 
was traditionally designed to perform a specific application233. 
This inversion of workflow flattens the knowledge structure of 
electronics and essentially democratises physical prototyping of 
technology,234 allowing designers to make bespoke machinery 
or tools to expand their design repertoire235 (see figure 3.17). 
Similar to the need to script, the primary aim is to escape the 
‘pre-set’ computational or fabrication strategy presented by 
existing tools236 to gain greater freedom in design, leading to 
novel techniques, formal expressions and innovative material 
systems (the second approaches to digital fabrication outlined 
in Section 1.9 and figure 1.17 [B]). The emerging hacker culture 
constructed a feedback loop into the architectural design to 
create a unique platform for design enquiries237. 
Underlying this phenomenon is increased recognition that the 
use of parametric software and conventional CNC machinery 
are slowly defining our design repertoires; that is, the ways we 
design (the workflow and protocol) and the outcomes (the 
aesthetics of the physical artefacts). From my observation 
through contemporary craft practice (see Section 3.2.2 and 
the previous case study in Section 3.3.1), we have seen how 
tools can directly impact on the design processes. Tools have 
an agentive quality that can be productive in the development 
of aesthetic values and contribute directly to the repertoire of 
the practitioners. 
In this section, we will examine tool making and its agentive 
capacity through a research project in which LLDS designed 
and fabricated a bespoke CNC machinery conducted over 
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Figure 3.17. Left, the traditional 
hierarchical relationship between 
knowledge of technology and 
electronic parts. Right, inversion of 
hierarchy provided by electronic 
prototyping platform.
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a three-year period. The research project titled Parametric 
Adjustable Mould (PAM) is the result of a collaborative effort 
led by me, together with David Leggett and Daniel Prohasky as 
listed inventors for this patented technology238 (see figure 3.18). 
In the context of this dissertation, I am interested in how 
the tool making process generates affordances for design 
to inform design intention. Two iterations of PAM were 
constructed. Both prototypes utilised the same mechanical 
principal but are used to shape different materials: PAM1 for 
thermoforming PET plastic panel, and PAM2 for the casting of 
curved concrete panels. The discussion will be centred around 
how the design intention of the tool can be altered through 
different knowledge sets. We will examine descriptive geometry 
as a means to provide affordances for future design thereby 
enabling continuous designing in practice. 
Although tool making allowed my practice to escape the 
constraints of existing toolsets, I have recognised that it also 
produced its own set of limitations and design constraints. 
Unlike the tooling process described in the previous case study, 
the hypothesis of this research is defined at an early stage: 
How can we design a CNC adjustable mould for concrete 
casting with no immediate waste? While the research intent is 
formulated, the design intention, the design outcome and its 
application are not determined at the outset. It is this process 
of the search239 that is relevant to our discussion. 
This project initiated the thinking of establishing a research 
project at LLDS that would bridges industry and academia. 
However, when David Leggett and I first started this research 
project, it was only intended to be a six weeks design and 
made exercise. It has now gained a provisional patent and 
momentum with commercial interest. After going through a six-
months start-up incubator program and having interviewed 50 
companies from various sectors of the construction industry, it 
is only now becoming clear how this technology can create 
a direct impact on the industry240.  The new company formed 
out of the research will manufacture non-structural curved 
concrete panel that can be used as a rainscreen cladding 
system or interior panelling for wall, ceiling or hybrid of both. 
The invention of PAM marks one of my significant contributions 
to knowledge in this PhD. More importantly, it demonstrates how 
making can structure knowledge and the critical thinking that 
generates design research with impact on the building industry. 
3.4.2 Case study: PAM  
David Leggett and I initiated this research project, which was 
carried out over two phases. In phase one, from January to 
June 2016, the technology was design for thermoforming 
PET plastic (PAM1). The descriptive geometry, mechanical 
principal, the first iteration of the machine and a full-scale 
proof of concept prototype wall were constructed (see figure 
3.19). Phase 2 commenced in July 2016, and I adopted the 
technology for cast concrete (PAM2). The motivation was 
provided by an urge from the Research and Commercialisation 
Office at the University of Melbourne to make the technology 
more applicable to the construction industry. The project was 
awarded the Brookfield Multiplex Research Award with funding 
to complete Phase 2 of the project. 
In the following sections, I will examine the design process 
of PAM using descriptive geometry as a primary instrument. 
Through the lessons learned from PAM1, I will highlight 
how affordances from PAM1 is adapted into the current 
technology (PAM2). This is extended to the fabrication process, 
where I will discuss how such affordances developed in the 
tool can be used for new design possibility. We will conclude 
by looking at the knowledge structure in tool making project 
and pinpoint the role of electronic prototyping platform as 
a transitional object that can facilitate the synthesis of tacit 
know-how and descriptive geometry. 
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Figure 3.18. PAM2 machine, a 
novel tool used for moulding 
doubly curved concrete panel. The 
machine uses a single adjustable 
frame to create the mould hence 
minimising waste to the production 
process.
Background and state-of-the-art design
Concrete is one of the most widely used materials in the 
construction industry, it seems fitting to adopt the technology 
for concrete casting. Standard industry means of casting 
doubly curved concrete panels requires extensive formwork 
commonly using EPS which is often discarded after use241. 
The process typically generates an enormous amount of 
construction waste which contributes directly to the cost of the 
panel, making forms with complex surface geometry costly to 
manufacture and not feasible to produce. PAM2 is designed 
to solve the problem of manufacturing curved concrete panel 
in the industry. 
Variable parametric mould has been of research interest in 
recent years, and a few systems have been put to the test 
in practice including earlier work by Renzo Piano for free-
form plastic panels242. However, most variable mould designs 
are based on single-direction multi-points stretch-forming 
processes, where a series of actuated pins or armatures define 
the surface curvature243. There are also other techniques, such 
as incremental sheet forming and flexible roll bending, some of 
which are still under development244. Alternative state-of-the-
art design include the FreeFab process, which utilised a robotic 
arm to 3D-printed wax as formwork245. Figure 3.20 illustrates 
the different type of variable mould design. An in-depth 
summary of precedent and problem framing of this research is 
documented in Appendix A3.
PAM2 consists of a single adjustable mould which receives 
translated digital information of a panelised surface through 
a custom script to actuate the mould into desired positions for 
concrete casting. The translated data of the virtual surface is 
made possible through the transformation of the doubly ruled 
surface geometry. Once cured, the concrete panel is removed 
from the mould with no immediate waste. The project aims to 
eliminate the need for unique individual mould design in the 
manufacturing of doubly curved panels, thereby reducing 
manufacturing waste and improving cost efficiency.
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Figure 3.19. PAM1 machine design. A 
novel tool used for thermoforming PET 
panel. Opposite, a full-scale proof of 
concept prototype consisting of 32 
unique thermoformed panels using 
PAM 1 machine. Middle, moulding 
frame with the elastic cord as ruling. 
Right, PAM1 apparatus showing 
armature driven by eight stepper 
motors.
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Design methodology
The design of PAM is inspired by an adjustable ruled surface 
prototype developed through studio teaching led by David 
Leggett and me (see figure 3.21). The model has a series of 
3D printed universal ball joints connecting a fixed-length edge 
frame with a set of flexible cables acting as rulings to describe a 
variable-ruled surface when the frame is adjusted. This physical 
model contains all the basic parameters necessary to describe 
a quadric ruled surface, known as a hyperbolic paraboloid. 
Similar parametric models by mathematical model maker 
Fabre de Lagrange can be dated back to 1872246 (see figure 
3.22). The descriptive geometry of the hyperbolic paraboloid 
model is used as a hypothesis at the start of the research 
project. If variably shaped surfaces can be described by 
a straightforward system using four nodal points, then can 
the geometry be applied to a mould design for casting and 
producing variably shaped panels using a single mould frame? 
A detailed description of the critical characteristic of hyperbolic 
paraboloids, such as the ruling of the surface and its ability to 
form seamless surface, is further described in the Glossary. 
Figure 3.20 Various other methods 
used to produce doubly curved 
panels. Top Left, Sand was used for 
casting asbestos cement panels for 
Philip Pavilion by Le Corbusier and 
Iannis Xenakis250. Top Right, Adapa 
multipin machine. Bottom Left, 
FreeFab is a robotic 3d printed wax 
formwork which is CNC milled to 
produce one off concrete formwork. 
Bottom Right, Multipin system 
extensively researched at Delft 
University.
Figure 3.21 Physical parametric 
model showing variable ruled surface 
geometry.
Figure 3.22 String model of a groin 
vault using ruled surface to resolve 
complexity of oblique intersection 
of two vaults dated 1872, by Fabre 
de Lagrange. Object no: 1872-129 
on public display at the Science 
Museum, London. 
[Copyright material omitted] [Copyright material omitted]
[Copyright material omitted][Copyright material omitted]
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Descriptive geometry as affordances for tool making
Figure 3.23 (left) describes a hyperbolic paraboloid with 
quadrilateral boundaries of equal length, the shape in plan is 
a rhombus. Thus, their diagonals intersect at right angles. The 
transformation of the surface between its potential forms can 
be understood as follows: the trajectory at opposing corners of 
the panel edge is the intersection of two spheres (radius = edge 
length), where the centre point (CP) is based on the remaining 
two corners of the panel, as illustrated in figure 3.23 (right). 
To describe any variable geometry based on a typical flat 
square lying on the XY plane, as illustrated in figure 3.23 (left), 
only three fundamental parameters are required to measure 
any changes in the geometry. The first parameter is the edge 
length [A], which is predetermined and constant. The second 
parameter is a change of angle in degrees (β or Beta) about 
the X-axis (see figure 3.23 [B]). Figure 3.24 (right) shows the 
mathematical transformation of Beta. The last parameter is the 
skew (α or Alpha) which is described as a ratio of the rhombus 
relative to the perfect square on XY plane (see figure 3.23 
[C]). Figure 3.24 (left) shows the mathematical transformation 
of Alpha. The shift in skew results in a move along the X-axis, 
which also causes relative change along the Y-axis, provided 
the four sides of the panel are all equal. The resulting trajectory 
to describe any variable-ruled surface within the constant 
edge length is, therefore, a simple arc action about CP (see 
figure 3.23, right) which can feasibly be translated into numeric 
coordinates and is useful in the design of the machine. I shall 
call these parameters provided by the descriptive geometry 
a set of affordances for design; parameters that prompted 
me to act upon its characteristic. That is, the basic descriptive 
Figure 3.23 Descriptive geometry 
model showing the translation of the 
physical parametric model into arc 
motion based on two intersecting 
spheres with centre at V0 and V2. 
Figure 3.24 Skew (α)and Beta (β) 
with mathematics describing the 
geometric transformation of shape.
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geometry provided the key affordances for the design of the 
device; specifically, the translation of the geometric properties 
into the physical material and mechatronic system to articulate 
the desired motion of the machine. 
Following the above analysis, we can take most free-form 
curve surfaces digital model and panelise them. Figure 3.25 
shows the computational workflow of PAM from panelisation 
to stepper motion. A more in-depth description of the data 
exchange process is described in Appendix A3. Taking one 
corner of the free-form surface as a starting point (point W 
illustrated in figure 3.25[A]), we can iterate the process using a 
custom Python script in McNeel Rhinoceros, with Grasshopper 
v0.9.0076 to find the intersection of equal edge lengths on 
the surface (point Y and Z followed by point X). These known 
points (W, Z, X and Y) are equivalent to the vertices (V1, V2, 
V3, V4) of the panel in the mathematical model discussed in 
figure 3.23 (see figure 2.25[B]). An algorithm summarising the 
above parameters is developed to translate the panelised 
wall panel into linear motion for the actuators [C]. To describe 
every panel, we only need to extract the skew and Beta angle 
of each panel. A processing script acts as a user interface to 
transmit the G-code to the linear actuator [D]. This triggers a 
series of machine action, which either homes the machine or 
transforms the frame into the desired shape [E]. 
Figure 3.25 Flow chart from translating 
a free form geometry to actuation 
of PAM2. [A] Panelisation of a free-
form surface. [B&C] Extraction of 
parameter from surface geometry, 
i.e. Skew and Beta. [D] Translation 
of parameters to travel distance of 
steppers. [E] Machine actions. [F] 
Physical outcome.
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Design of PAM
PAM2 machine is designed based on the descriptive 
geometric outlined in the previous section. It is the result of 
two iterations of design and prototyping. The device consists 
of a mould frame [1] and four numerically controlled actuators 
(see figure 3.26). The mould frame includes a tri-axial joint [2] 
on each corner of the quadrilateral frame which is infilled with 
an array of parallel steel rods acting as ruling to the surface [3]. 
The spatial relationship of the four corners of the mould frame is 
defined by two opposite sets of steppers or actuators. The first set 
of opposing steppers or actuators is inclined on the sub-frame 
of the machine [4]. The second set of steppers or actuators 
[5] is mounted on a leadscrew which is not constrained with 
a swivel joint [6]; that is, it can move in the vertical direction 
as it inclines in the X-direction as a result of the movement 
of the first set of steppers. The mechanism is elevated off the 
ground by a sub-frame [7]. The machine is operated using a 
computer [8] and a microprocessor wired to the actuators. 
The design of the device is for concrete casting and has a 
bespoke Room-Temperature-Vulcanizing (RTV) silicone mould 
[9], which sits in the centre of the frame [1]. The RTV silicone 
can slide on top of the rulings when the frame is moved into 
position. Figure A3.3 in the Appendix defines the limits of the 
current machine design. Figure 3.27 shows the resulting casts. 
Figure 3.26 Design of PAM 2 illustrating 
its various components
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Figure 3.27 The resulting cast concrete 
panels using PAM2.
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Lesson learned from PAM1
PAM1 was initially designed for thermoforming doubly curve 
PET panel. Figure 3.19 shows the first iteration of the machine 
design. It consists of four identical NC armatures. Two stepper 
motors drive each armature, one driving the vertical (z) and the 
other the horizontal movement (x) to describe the arc motion. 
An ArduinoTM Mega microcontroller board drove the eight 
stepper motors using two quad-stepper motor driver boards. 
The knowledge gained from the first iteration is instrumental to 
the design of the current machine design, as it provided a series 
of affordances for design. Part of the aim of PAM2 is to improve 
the design of the joint to the mould frame to eliminate the 
imprecision of the mechanical system. As such, we reconsider 
the geometric transformation of the equal-length quadrilateral 
ruled surface. As the position of the opposing joints is always 
a result of the movement of the other two opposing joints, it 
suggests the design can potentially restrict the mechanism to 
two opposing set of movement only, further reducing the eight 
stepper motors to four. The arc motion of the armature in PAM1 
is based on defining Cartesian coordinates and relying on all 
four set of armatures; that is, eight steppers to work in sync 
with one another. In reality, the ideal scenario never existed 
as power supply and delay in transmitting the data from the 
ArduinoTM to the steppers caused the armatures to move out of 
sync with one another. 
Figure 3.28, [A] thermoformed panel 
produced using early iteration of 
PAM. [B] Edge frame with elastic 
cable “ruling”. [C] diagram showing 
the ideal structure to the single 
adjustable frame. [D] Cyan point 
show frame is not closed due to the 
ball joint design.
[A] [B]
[C] [D]
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Additionally, PAM1 utilised a ball bearing axial joint, which 
over-constrained the frame. The over-constrained edge frame 
further compounded the inaccuracy of the machine, resulting 
in the ball joint ‘popping’ out of alignment (see figure 3.28). 
Figure 3.28 [D] illustrates how the frame is, in fact, an open 
rhombus. Figure 3.28 [C] shows the desired result of the edge 
frame. The ball knuckle joint causes the axis of the frame to be 
out of alignment, and the design of the joint is flawed. Having 
the ball joint on the corner of the frame also means that the 
panel must have its corners cut out as in the PAM1 prototype 
(see figure 3.28 [A]). 
In PAM2, we eliminated the need to cut off the corners by 
offsetting the entire frame away from the CP of the mould. 
While this complicates the mathematics in translating the 
virtual geometry to the physical mould shape (see figure 
3.24), it does make the casting process more straightforward. 
Lastly, the elastic rulings on the mould frame in PAM1 did 
not produce sufficient tension to the ruling on the surface, 
causing inaccuracy in the panel surface. Further details of the 
verification procedure is documented in the Appendix A, figure 
A3.4. 
The above informed the revised design in PAM2. Figure 3.29 
shows the three iterations of the joint. The revised design 
utilised tri-axial joints to eliminate the constraints of the frame. 
As the steppers move the vertices of the frame to its desired 
coordinate in space, it utilises the internal limits of the equal 
edge length rhombus to condition its movement into an arc 
motion. Figure 3.30 illustrates the mechanical action in PAM1 
and PAM2. This re-alignment of the physical material with the 
descriptive geometry ensure the accuracy and elegance of 
the mechanical system. 
Figure 3.29 Left, tri-axial joint using 
three CNC milled aluminium angle by 
LLDS. Center, 3D printed tri-axial joint 
designed by Daniel Prohasky. Right, 
Universal joint by LLDS tested in PAM 
1.
Figure 3.30 Arc motion translated as 
X-Z Cartesian coordinate in PAM 1. 
PAM 2 utilised internal limits of the 
edge frame to define skew and beta 
position.
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Fabrication procedure
Figure 3.31 illustrated the fabrication procedure for doubly 
curved concrete panels using PAM2; the fabrication steps are 
explained below.
1) The mould frame is set at the default position (where 
the skew = 1 and beta =0). 
2) Concrete is mixed and poured into the RTV silicone 
mould. The concrete is levelled with a float manually. We 
used a PVA fibre reinforced concrete (FRC) mix to cast 
the panel up to 10 mm thick.
3) The geometry is defined through the software 
algorithm. The custom script allows panel geometry to 
be translated into travel distances for the leadscrews. 
The stepper has a travel distance of 80 revolutions per 
mm. The G-code linear movement is translated via the 
ArduinoTM microprocessor. The output code consists of 
{panel number, V0 G-code, V1 G-code}, where V0 = V2 
and V1 = V3.
4) At 18 degrees ambient temperature, the mould can 
be moved into position after 15 minutes. The mould is 
covered with plastic film to allow the concrete mix to 
cure and to avoid excessive moisture loss.
5) Using the current FRC mix, the panel can be demoulded 
after 18 hours.
6) The panel is trimmed into the skew panel using a Kuka 
KR120 robotic arm.  
Figure 3.31 Fabrication procedure of 
doubly curved panel using PAM.
172
Research to application
Let us consider a typical free-form surface (see figure 3.32). The 
surface can be penalised into quadrilateral surfaces which is 
non-developable247. Depending on whether the surface is 
panalised from the centre of the surface or one corner of the 
surface, it will typically result in area where equal edge length 
panels are not obtainable. At the same time, all the equal 
edge panels are typically rhombus in the plan. In line with the 
research hypothesis to fabricate concrete panels with minimal 
waste, we have avoided the wasteful solution of producing new 
RTV moulds for every rhombus shape, which is also financially 
impractical.
To resolve the issue, all skew panels are robotically trimmed 
from the cast using a standard size RTV mould. The PAM and 
the robotic trimming procedure have separate functions. The 
PAM machine performs the difficult task of moulding surface 
curvature of the quadrilateral surface, and the robotic workflow 
performs the task of defining the shape of the panel. Both are 
integral to the precision of the fabricated panel. It is these 
double procedures that elevate the tool from a self-contain 
device to one that has potential for construction application.
Figure 3.33 demonstrates the workflow of trimming the panel 
using a robotic arm. David Leggett and I have invented a 
procedure to internalise the physical position of the panel 
to the virtual surface through a series of robotic interaction 
(see figure 3.33, top). The diagram shows how the skew 
panel can be trimmed from a standard size RTV mould. The 
workflow integrates and streamlines the data flow from PAM2 
machine to the seven-axis Kuka robotic arm. Figure 3.34 shows 
an early prototype of four trimmed skew panels butt-jointed 
to form a curved surface. Through the fabrication process, 
we incrementally learned to perfect the robotic trimming 
technique. To avoid loss of data from the casting to trimming 
process, a kinetic fixture is designed for the robotic arm so the 
G-code of the panel can be replicated to ensure accurate 
placement of the panel for robotic trimming. Figure 3.35 shows 
the trimming of a concrete panel on the CNC fixture.
The cast panels were digitally scanned and verified against the 
virtual prototype. The tolerance is typically within +/- 3.5mm, 
+/- 0.5mm off the tolerance allowed under AS3850:2003 for 
prefabricated concrete elements248. Detail of the verification 
process is documented in Appendix A3, figure A3.5. 
Figure 3.32 Panelisation of free-form 
surface resulting in skew or non-equal 
edge length panels, highlighted in 
red.
Figure 3.33 Robotic fabrication 
procedure of doubly curved panel 
using PAM.
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Figure 3.34 Four panel prototype 
showing  the accuracy of trimming 
using the robotic arm to achieve a 
seamless surface - a quality afforded 
by the hyperbolic paraboloid 
geometry. The cross marks the center 
point of each panel. It is used in the 
robotic mapping exercise (figure 
3.33) to determine the exact position 
of the panel in relationship to the 
robotic arm.
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Figure 3.28. Left, Fixture for robotic 
milling. Right, Robotic milling of the 
panel.
Figure 3.35 Robotic trimming of a 
concrete panel from PAM2
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Figure 3.36 Twelve panel rainscreen 
cladding prototype. This prototype is 
primarily designed to demonstrate the 
capability of PAM to commercialise 
the technology.
Affordances for future design
A full-scale rainscreen prototype consisting of 12 panels was 
fabricated (see figure 3.36). This rainscreen prototype is used 
to showcase the technology. The skewed are robotically milled 
using the workflow described above to ensure panels aligned 
accurately to produce a seamless surface, a key affordance 
of design provided by the novel tool. Figure 3.37 demonstrates 
other potentials applications, outlining the potential of the 
device for design purposes. 
From casting the panel, I have observed that the edge 
condition of the panel is also a warpped doubly ruled surface. 
Using robotic trimming, we can ensure the edge profile 
corresponds with the adjacent panel. The next step of the 
research is to increase the thickness of the panel to test the 
load-bearing capacity of the system, which will potentially 
allow the panels to form a compressive shell-like structure. 
In practice, such structural panels could also be used as 
permanent concrete shutters to free-form geometric design, 
providing a cost-effective method for constructing such 
typology without excessive formwork. We have also considered 
twisting the edge of the mould through numerical controls. 
Figure 3.38 shows a mock-up of the frame with embedded 
steel rods. While this aspect of research is ongoing, it suggests 
that PAM as an agent already has an agentive capacity to 
provide affordances for future design and architectural form. 
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Figure 3.37, Exploring design 
potential using PAM technology. 
Top, rainscreen system with shiplap 
panel. Bottom, Various other 
applications of doubly curved 
panels.
Figure 3.38, Mock-up of adjustable 
edge frame.
Power to Make / LLDS
1 Fink Street, Preston VIC 3072
www.powertomake.com.au    make@powertomake.com.au    
RAINSCREEN CLADDING PROTOTYPEDate: 25/10/2017
Revision: _
Scale: NTS
Steel subframe
M12 SS xing
Steel plate with 
neoprene gasket
Concrete panel, 10mm thick 
from PAM
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Figure 3.39. Compounded knowledge 
in the design and fabrication of PAM2.
Figure 3.40. User workflow of PAM2
Knowledge structure of toolmaking 
The design and fabrication of PAM challenged the research 
team to compound their skills in problem-solving (the technical 
aspect) and puzzle making (of the creative applications). 
Figure 3.39 illustrates the compounding knowledge necessary 
to design and fabricate the device. It includes what I described 
as background knowledge; that is, knowledge gained from 
the precedent studies, current fabrication methodology and 
the tacit knowledge of the casting process or ‘know-how’. 
The descriptive geometry described in figure 3.23 served as 
a pivotal moment in translating the know-how into a possible 
solution. Another set of knowledge comes from engineering and 
mechatronic disciplines. Here, the design of the prototype gives 
form and meaning to the techniques. The code translates the 
mathematical model into an algorithm that delivers instruction 
to the stepper motors as travel distances corresponding to the 
G-code of each panel. The microprocessor creates the serial 
hand-shake, to borrow a term from computing, between the 
software and the hardware to deliver the desired outcome. 
Contrastingly, from a user point of view, the workflow when using 
the device is more streamlined (see figure 3.40). The knowledge 
structure is already collapsed in the machine to create a more 
linear flow of information from the panelisation of the virtual 
surface to the cast panel. Notably, the compounded nature 
of the cross-disciplinary knowledge outlined in figure 3.39 is 
critical in streamlining the user experience into a manageable 
sequence, which would otherwise render the device unusable 
or not fit for purpose. 
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Figure 3.41. Modification of the tool’s 
purpose through varying the type of 
tacit knowledge to the tool making 
process.
3.4.3 Discussion 
PAM project demonstrates the complex knowledge structure 
in tool making and brings forth a design research methodology 
that facilitated the emergence of design. Here, I position tool 
making as a form of design agent that allows the designer to 
make sense of the various affordances provided by the know-
how, descriptive geometry, the electronic prototyping platform 
and robotic interaction; that is, the various knowledge sets. 
While the research aim is defined, the formulation of the design 
intention is a process of making sense of these components 
through making activities using electronic prototyping platform 
and various hardware. The design problem is to make sense of 
the relationship between the electronic components and the 
affordances provided by the characteristics of the hyperbolic 
paraboloid geometry. For example, the shift from the Cartesian 
coordinate armatures in PAM1 to the development of the tri-
axial and swivel joints in PAM2 not only allowed us to make 
the machine more precise, it also enabled remapping of the 
design intention (see figure 3.41). In PAM1, I have privileged the 
arc motion that facilitates the variable transformation of the 
frame as the key affordance of the descriptive geometry. This 
is coupled with thermoforming know-how, which led us to the 
first set of prototypes in figure 3.19. In PAM2, I have combined 
the lessons learned from PAM1 with knowledge of concrete 
casting to reconsider the knowledge set against construction 
problem faced in the building industry. 
While the hardware and electronic components are 
reconfigured, the basic approach using geometry and hardware 
remains very similar in both iterations. In fact, by introducing 
new tacit knowledge, we can formulate new design intention 
with the tool. The affordances provided by the descriptive 
geometry is used to inform the design intention of PAM, the 
diagram illustrates the dynamic nature of design intention 
and how it can be modified by simply replacing or adding 
new tacit knowledge, thereby altering the agency of the tool. 
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3.5  Conclusion: Agency of Making as Digital Craft 
The three theoretical frameworks of making examined in this 
chapter have allowed me to formulate a revised reading of 
making through digital technology. The boundary of digital 
craft is not limited by the workmanship of risk but is much more 
pluralistic. I have observed three different types of agencies 
of tool as summarised in figure 3.42. 
First, making using digital technology is foremost a structural 
coupling of tool, material and techniques to construct a 
repertoire for the design practice (see figure 3.42 [A]). It involves 
the establishment of a continuous designing environment 
where tools are modified, adapted and invented to create 
an agency for future design. Such agency enables the 
generative nature of making typically through affordances of 
material effects and ornamentation. While the design intent 
is not affected by the outcome, it is used as a means for the 
practitioners to make a self-critical judgement on their own 
workmanship. This close feedback loop re-established the 
continuous designing of the practice as uncovered through 
my analysis of the five craft practices. 
Second, the tool has an intent, and as an agent it can be used 
to construct new knowledge as discussed in the concrete 
formwork for House #05 (see figure 3.42 [B]). The tool produces 
affordances of design which informed my design intention. 
In turn, it generates affordances for design allowing the 
practice to accumulate aesthetics values through iterative 
cycles of experimentation. Affordances continued to drive 
my design intention until experimentation ceased, and the 
tacit knowledge learned is used to produce the final design 
Figure 3.42 The three types of agency 
of tool identified in this chapter. Each 
structured a different relationship with 
the design intention of the maker and 
designer. Evaluation of workmanship 
takes place in every instance as a 
mean to qualify the type of making 
as craftsmanship. The evaluation 
process requires indexical learning 
which is further discussed in chapter 
4 and 5.
[A] is similar to the digital material 
practice approach to digital 
fabrication (see figure 1.17 [D]) with 
the absence of virtual prototyping. 
Here the designer or maker play a 
centre role to the entire practice.
[B] is similar the 2nd approach of 
digital fabrication (see figure 1.17[B]) 
where design intent is secondary to 
the effect produced by the tooling.
[C] identifies a new territory where 
design intention is formulated 
through the tool making process. 
Design intention is influenced by both 
the capability of the new tool as well 
as the aesthetic values it can afford. 
This diagram can be nested in either 
of the two diagrams above [A and 
B]. This will be discussed in detail in 
Chapter 4.
[A]
[B]
[C]
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outcome. It is captured in the algorithm and data structure of 
the scripted fabrication workflow. Unlike the previous model, 
the design intention is deliberately suspended or, more 
accurately, the design intention is suspended in the making 
activities. Here, we are operating outside Pye’s framework of 
workmanship. As the design intent is continuously in flux, the 
design outcome is but one instance of this abstract machine. 
The evaluation of workmanship lies between the prototypes 
(outcome of the feedback cycle of affordances generated 
through the making process) and the design outcome.  
Lastly, an electronic prototyping platform is used as a 
transitional object that enables designers to make sense of 
the relationship between tacit and explicit knowledge (see 
figure 3.42 [C]). Making new tools can produce new design 
intention which utilises making activities to make sense of the 
various knowledge sets. Making can literally construct new 
design intention. Here, we are ‘writing’ with the material to 
build not just the logic of the system but also the relationships 
across a number of systems using the electronic prototyping 
platform and hardware as agents. While Reichel argues the 
autopoiesis nature of technology, I suggest this synthetic 
landscape of knowledge is only cohesive because the 
designer has tinkered with the interface between the various 
knowledge sets. In other words, the maker is as much an agent 
as the tool used. Naturally, once established as a tool, PAM 
would produce affordances of and for design as observed in 
the previous two frameworks. The significance of my research 
lies in identifying the dynamic nature of design intention in tool 
making where tacit knowledge can alter the agency of the 
tool. The judgement of workmanship lies in the precision of the 
tool (as intended) to exert control over the material outcome, 
or more specifically the material system it can produce, that is, 
the cladding system in figure 3.36.
The three different types of agency discussed here allow my 
practice to build incremental knowledge to make sense of 
the design problem at hand, whether through the structural 
coupling of the tools with techniques and material, the use 
of tooling for design, or tool making. Critically, craftsmanship 
is not just concerned with risk in the making process, but a 
judgement exercised by the designer between the design 
intention and the outcome. Here, I identify design intention 
as dynamic due to feedback generated through making 
activities. Hence, the judgement of workmanship is always in 
flux as a struggle towards the maximum grip between intention 
and aesthetic values. This will be re-examined in Chapter 5. 
From this perspective, our active engagement with tool as 
design agent begins to qualify my practice as having a sense 
of craftsmanship in-so-far as we operate a craft-like practice.
In the next chapter, I will discuss how we learn through making. 
The learning process is a critical cognitive aspect of making, 
often discussed as thinking-through-making249. We will look 
at how prototype and toolkit act as a scaffold for learning in 
architectural education. 
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4.0 MAKING AS 
PEDAGOGY
As postulated in the last two chapters, one aspect of making 
is the sustained learning experience through accumulating 
tacit knowledge. I have argued that through the making 
of artefacts, emerging aesthetic values are retained by the 
maker that contribute to the design repertoire of the practice. 
I have also identified, through the PAM project, that this 
cumulative learning can be useful in providing affordances for 
design, allowing design intention of a project to evolve and be 
influenced through making activities. 
In Chapter 1, I emphasised that my practice has a deep 
engagement with academia251. Academia, in particular, 
design studio teaching, provides a relatively constraint-free 
environment for material experimentation, where architectural 
conventions can be questioned, revisited and scrutinised. While 
a typical design studio focuses on pushing the boundaries of 
the spatial understanding through building programs, my studio 
teaching questions the way we build architecture and explores 
emerging spatial conditions through fabrication procedure 
and its workflow. Naturally, the experimentation conducted 
in academia becomes a critical aspect of my architectural 
practice and vice versa.
In this chapter, we will discuss making through a pedagogical 
framework: How do we think through making? I will extend 
the framework on the agency of making towards a learning 
model centred around experiential learning. I will use students’ 
projects from two design studios to examine how prototypes, 
toolkits and probes act as doing devices that scaffold learning 
experiences. In the first project, titled ‘The Second Skin’, we will 
discuss the role of probes and prototypes in the design process. 
In the second project, titled ‘Machining Aesthetics’, we will 
examine the role of toolkits and their agentive capacity to 
formulate design intentions. The projects explore the emerging 
aesthetics of machining effects produced by the bespoke 
tools, referencing Deamer’s evolution of surface intricacy252. 
I will present three strategies of innovation in tool making: 
hacked, embedded and hybridised systems and I ask: Can 
these strategies have an agency to generate residual effects 
for implementation in architectural design?
This chapter is not an investigation on how to teach, but instead 
a reflection on my practice on two levels. First, prototypes 
and toolkits are critical components in my design process. In 
Chapter 2, I identified them as agents of my practice. Here, they 
192
extend into my teaching as a means for me to scaffold learning 
experiences for my students. Probes are introduced as part of 
the learning process. Second, through the case studies, I wanted 
to further examine the role of design intent in material-based 
design research. I will highlight how this research methodology 
has allowed students to suspend or delay the formulation of 
design intentions in their project. It enables affordances for 
design to emerge so novel effects and fabrication procedure 
can be created. I refer to this as the second approach in digital 
fabrication in Chapter 1 (see figure 1.17B). 
4.1  Making in Pedagogical Framework 
Thinking-through-making is a critical aspect of design 
education. This mode of teaching places emphasis on learning 
experiences, rather than on the ‘banking’ concepts of 
education253. As designers are form-givers and bringing ideas 
into the material world is part of their business254, the process 
of learning and working through design as an open-ended 
‘wicked’ problem255 requires the integration of both mind and 
hand, where students construct individual learning experiences 
through embodied interactions with reality. As David Kolb 
points out, in an experiential and integrated model, learning 
is based on the conflict between concrete experiences and 
abstract concepts as well as the conflict between observation 
and action256. 
Architecture has already been significantly affected by rapid 
development in digital fabrication technologies. Additionally, 
recent advancements in open-source electronic prototyping 
platforms have facilitated a more amateur engagement 
with electrics and led to a new interest in do-it-yourself (DIY) 
experimentation — evidenced by the global rise of Fablab, 
Maker Faire, and Hackathon257. The challenge in understanding 
the impact of disruptive technology on design studio teaching 
is not so much about the range of emerging skill sets acquired 
by students, but whether we, as educators, should be focused 
on understanding how these technologies change the way we 
teach design thinking. I use the word ‘we’ because in this open-
ended learning environment, the knowledge development 
process is a collaborative effort between the tutor and the 
students; the tutor becomes a co-designer of the project instead 
of being a source of knowledge258. The teaching environment 
is based on a design studio setting, typically consisting of one 
tutor with a group of 16 students at both undergraduate and 
graduate levels.
Typically, the tacit or embodied knowledge259 acquired 
through making and the knowledge of design strategy and 
analysis are separated in the way they are taught in a design 
studio260. Thus, it is often difficult to integrate these within the 
same coursework assignment. This regularly results in students 
using digital software and fabrication tools as problem-solving 
devices. In this chapter, we will examine how the integration of 
technologies in design teaching and learning can encourage 
the exploration of design thinking, where students grapple 
with the different aspects of knowledge. I will consider how 
these could be restructured to formulate new knowledge and 
personalised learning experiences.
I will review the learning experiences of two sets of projects 
from different architectural design studios, led by me at the 
University of Melbourne. The first set of projects involved a group 
of second-year undergraduate students working on a selection 
of 1:1 wearable artefacts created using digital fabrication 
techniques to explore the idea of personal space boundary. 
The second project examined the use of electronic prototyping 
platforms in design where students at the Master’s level created 
operable machines and sensory devices to advance their 
design knowledge. Here, we will explore the role of technology 
as a probe for design thinking. Technology becomes a means 
to develop and test ideas through prototyping, and as a toolkit 
with agency to explore creative solutions for a design problem. 
I conclude by examining how prototypes, toolkits and probes 
provide affordances for design through suspending or delaying 
the formulation of design intents. Again, design intention is 
not preconceived nor static. Making activities as we have 
been discussing throughout this dissertation is not just an act 
of reproduction but a creative act of gaining knowledge in 
design, which involves the construction and transformation of 
meaning261. In the process of making, technologies play a vital 
role in the formulation of tacit knowledge precisely because 
as toolkits and probes, they act as transitional objects,262 
as discussed in the previous chapter. Here, I aim to critically 
reflect on how making using technology can contribute to the 
learning process. This, in turn, informs how making can act as 
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a critical design driver for my practice. It instigated the need 
to produce material research within my practice to sustain our 
design repertoire, which is one of the reasons why LLDS has a 
separate research entity, the ARL. 
4.2 Scaffolding Experiential learning 
David Kolb outlines three historical models of experiential 
learning proposed by Lewin, Dewey and Piaget263. He 
notes that all models share a baseline relationship between 
‘concrete experience’, ‘reflections and observations’, 
‘abstract conceptualisation’, and ‘active experimentation’ 
or ‘testing’. These four categories are set up as feedback to 
enable a continuous learning experience (see the inner circle 
of figure 4.1). Kolb identifies the process of learning as ‘the 
resolution of conflict between didactically opposed modes of 
adaptation to the world’ – those of ‘observation’ and ‘testing 
of active experiments’, ‘concrete experience’, and ‘abstract 
conceptualization’. Both constructionism and critical making 
have experiential learning as part of the thinking264 and are 
relevant to our discussion.
Figure 4.1. Prototypes, toolkits, and 
probes as “doing devices” overlaying 
the experiential learning model of 
Kolb [diagram by Paul Loh]
4.2.1  Constructionist approach to learning 
Constructionism in education advocates the construction of 
knowledge through real life or real life-like experiments that 
foster learning265. It emphasises the importance of actively 
making things, and pairing abstract concepts with concrete 
experiences to make sense of knowledge. 
Schank points out that the key to enhance learning is ‘doing’. 
While his writing does not cover architecture design studio 
teaching, many of the scenarios he discusses are applicable 
and comparable to studio teaching; for example, how 
to teach students practical or tacit knowledge266. Schank 
discusses the mechanism behind learning through doing; 
there are two key concepts relevant to our discussion. 
The first concept is ‘experience’. Schank describes learning by 
doing as an opportunity for students to acquire experiences. 
Through doing, the experience extends beyond the abstract 
scholarly reading of the subject. The students start formulating 
judgements by naming the experience, what he calls 
‘indexing’. For Schank, learning is the accumulation and 
indexing of experiences. The more experience, the larger the 
index vocabulary and, hence, the better the ability to make 
judgements, thereby triggering associated memory, building 
related skills and connecting tasks with learning outcomes. 
We will further discuss how technology enables indexing of 
experience in the case studies. 
Secondly, learning by doing requires ‘doing devices’, which 
facilitate the learning process. Traditionally, in architectural 
and design education, the use of representational drawings 
and models, be it digital or handmade, act as the key 
deliverable media. In most creative practices the media 
are already an active ground for interrogating ideas and 
hypotheses. What is typically missing is the requirement to 
test, interrogate and implement these ideas in reality. In 
architecture design, the making process is the most direct 
means of testing a hypothesis in the form of a prototype. This 
is where technology plays a critical role, given we can now 
streamline the workflow from digital modelling (as an abstract 
hypothesis) to physical testing and prototyping using CNC 
technology. 
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Apart from prototypes, there are two other types of ‘doing 
devices’: toolkits and probes. Sanders and Stappers define 
probes as ‘materials that have been designed to provoke or 
elicit response’ and toolkits as components to ‘make artefacts 
about or for the future’ that are specific for each project/
domain267. I argue that prototypes, probes and toolkits as 
‘doing devices’ are critical in scaffolding the experience 
feedback cycle mentioned in Kolb’s analysis. Here, the role 
of the prototype sits between the conflict of observation and 
testing, while probes and toolkits negotiate the ground between 
concrete experience and abstract conceptualisation (see 
figure 4.1). 
4.2.2  Critical making and learning 
Papert discusses the need for ‘messing about’ with materials 
to construct active learning through the incremental building 
of knowledge268. The use of ‘computer as material’ removed 
the black box mentality towards technology. Instead, its 
programming language and software are seen as materials 
integral to the construction of artefacts and capable of 
solving real life problems, like wood or metal. In Chapter 3, we 
discussed how technology can be used as ‘material’ that has 
a role as a transitional object. Here, technology as a toolkit is 
seen as having an agency to carry and deliver knowledge. 
While critical making builds on constructionist theory269, 
it looks at the implication of making on the societal level 
where technology is seen as an agent in the design process. 
Ratto makes a distinction between critical making and 
constructionism270, suggesting that while constructionism 
focuses on how reflexive practice can improve the quality 
of the material world, critical making extends beyond this 
to explore how engagement with material production can 
improve the conceptualisation of our world. The ability to 
intervene and have an impact on social life is a key aspect 
of critical making. In architectural design, this aspect of 
learning is often excluded from the teaching of technology 
for a number of reasons. Typically, technology is seen as a 
separate silo to social engagement. As Ratto observes, ‘there 
remained a strong disconnect between these more material 
forms of engagement and the conceptual work being done 
on technology, the built environment, and society’271.
4.3 Pedagogical Projects 
In this section, we will look at the role of technology in two 
sets of projects. Both projects were conducted as group work 
and completed in a 12-week teaching period. In the first 
project, ‘The Second Skin’, we will discuss the role of probes 
and prototypes in the design process. In the second project, 
‘Machining Aesthetics’, we will examine the role of toolkits and 
how they have an agentive capacity to deliver knowledge. 
4.3.1  Second Skin: Embedding computational thinking in   
 making 
The Second Skin project is the result of a second-year 
architectural design subject titled ‘Digital Design and 
Fabrication’. As the name implies, the subject aims to teach 
students a set of digital design skills ranging from 3D modelling 
through to using CNC tools such as a laser cutter and 3D-printer. 
Instead of delivering the content as a series of theoretical 
lectures with a practical class in software application, 
the subject explores the content through a design studio 
format guided by a series of lectures. Notably, most students 
encounter digital design and modelling software for the first 
time in this subject and the learning curve is typically very 
steep272 (see expanded research on learning with technology 
in Appendix C).
The objective of the subject is to utilise an open-ended 
design task to encourage students to explore the premise 
of digital design and develop software application skills 
through physical making of their project. The brief given to 
the students is to design a ‘Second Skin’ using the body as 
a social and cultural site for intervention. The outcome is a 
1:1 wearable physical prototype made from various materials 
that are digitally fabricated, meaning the 3D modelling 
has to be output as physical and makeable objects, using 
a range of CNC tools namely, 3D-printer, CNC paper 
cutter, and laser cutter. This last phase is perhaps the most 
challenging one for the students as digital models tend to 
confront the reality of the physical property of materials. 
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Figure 4.2. Left, students developing 
index of making experience through 
making. Right, personal space as 
probes for design.
4.3.1.1 Method and strategy 
Two essential probes were used to jump-start the design 
process: a found object as material strategy and reading by 
Robert Sommer on personal space273. 
The found object aimed to provide a material strategy for 
the project. I have identified three material strategies: skin 
and bone, panel and fold, and section and profile. Each 
team had to choose and develop one of these strategies 
using a given digital toolset. These material strategies are 
common strategies utilised in architectural design and can 
be feasibly implemented using CNC tools274. To introduce 
students to thinking-through-making, we devised a one hour 
workshop where students implemented a pre-set exercise 
on the body. The exercise shown in figure 4.2 (left) is a panel 
and fold exercise that took a known geometric logic of a 
Buckminsterfullerene, which resembles the geometry of a 
soccer ball, to encourage students to produce a 3D surface 
using flat pieces of paper. The purpose was to help the 
students understand a complex set of rules or algorithms in the 
panelling and folding process without overwhelming them 
with complex descriptive mathematics. Through making and 
exploring the material and geometry, the students developed 
their first set of indexes with their material system. This included 
how and where to fold the paper, how to glue the panels 
together, what is the scale of their second skin project, and 
how to work around complex contour like the human body. 
The algorithmic mode of thinking needs to be embedded 
at an early stage as it allows students to take the rule-based 
thinking into their digital design process.
The early part of the subject focused on equipping the 
students with a digital skillset. In parallel with 3D modelling skills, 
the students applied the material strategy as probes. This is 
coupled with the reading on personal space boundary which 
allowed the project to take on cultural and social dimensions 
(see Figure 4.2, right). 
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Figure 4.3.  Top left, the ideation 
process probed by digitised images 
of the bodies (bottom). Top right, 
1:1 wearable prototype [Images by 
Singleton, Tibballs and Yoannidis]
4.3.1.2 Result  
The students documented and physically measured their own 
personal space to gain an understanding of scale, dimension 
and area of focus. An ambitious interpretation of the brief of 
the second skin project is illustrated in Figure 4.3. This project, 
by Brydie Singleton, Matthew Tibballs, and Stephen Yoannidis 
explored the ambiguity of gender-specific personal spaces 
resulting in a literal blurring of the body. The initial digital 
manipulation of the body (see Figure 4.3, bottom) acted as 
a probe for the ideation process. By exploring the pixilation of 
the images, the design team explored the permeable effects 
of the skin, leading to the creation of openings or apertures 
within the panelised surface.
Another project by Diana Galimova and Daniel Parker used 
section and profile as the material strategy. They integrated 
the physical prototype in the interrogation of the design. Figure 
4.4 shows the prototype fragments made from cardboard 
constructed using the template from the digital model. 
Here, the prototype was used to test the hypothesis of their 
design—to create a second skin that allows the user to view 
his/her environment from different angles. The observation 
documented in the prototype informed conceptual thinking 
and allowed the design to be refined. The iteration of 
prototypes can be considered as physical evidence of the 
various indexes of experiential learning.
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Figure 4.4  Testing of prototypes 
against hypothesis [Images by 
Galimova and Parker]
Figure 4.5.  Laser-cut panels asembled 
with dexterity and craftsmanship 
using digital technology [Images by 
Singleton, Tibballs and Yoannidis]
Owing to the specific technical skills required in software 
application, technology only acts as a tool in the later phase 
of the design process. The students found its real value in 
delivering the physical prototype for the testing of ideas. Here, 
constraints and opportunities of the CNC tool form part of the 
design language as evidenced by the physical outcome. 
Figure 4.5 shows a series of panelised and cut cardboards 
with pre-cut ‘tabs’ used for gluing a series of panels together. 
Through the use of Panelling Tools, a plug-in to McNeel Rhino, 
the students learned to refine their digital model to suit the 
material property of the cardboard. Here, the prototype set 
up the expectation of the level of workmanship that can be 
achieved using the CNC tool. This allowed the students to 
anticipate the final outcome and make design judgements 
as they negotiated time and material behaviour. The iterative 
making, in turn, sped up the making process with the aid of a 
laser cutter, which delivers a precise physical model. Without 
the aid of technology, this model would have taken a lot 
longer to work out geometrically and would have been too 
laborious if cut by hand.
Özkar suggests the means for teaching design should be 
altered in parallel to the tools276. This demands a different 
approach to teaching that integrates design thinking with 
techniques of digital fabrication277. However, in practice, 
this may not always be possible. Often, the tacit knowledge 
applied and acquired through the making process and the 
knowledge of design strategy and analysis are separated 
in the way they are taught278. From an educator’s point of 
view, it can be difficult to integrate these within the same 
coursework, owing to time constraints. It tends to overwhelm 
students with a large amount of information. The learning of 
digital fabrication techniques in a studio setting consumes 
more time than other subjects because without technical 
knowledge, it is difficult to explore the potential of design279. 
Unfortunately, in some instances students tend to use digital 
software and fabrication tools as problem-solving devices 
instead of active probes in designing280.
4.3.1.3   Discussion  
These two projects demonstrate how material strategy 
enables making to become part of the design process. Here, 
making is not only about putting things together. Instead, 
it facilitates design thinking where the initial design brief is 
tested and reformulated by the student through physical 
prototyping. The design brief of the second skin was an open-
ended design problem probed by the material strategies 
and textual reading. I have found this balance useful in the 
articulation of the design studio brief as it defined a clear 
boundary for the problem and, at the same time, allowed for 
multitude interpretations with varied outcomes. As Sanders 
and Stappers note, probes are useful at the pre-design and 
early phases of the generative design process275.
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4.3.2 Machining Aesthetics   
The Machining Aesthetics studio was led by David Leggett 
and me. In this section, we will discuss three outcomes from 
the studio teaching. The studio aims to investigate the role 
of technology in the design process. Figure 4.6 charts the 
outcome of the studio between 2012 and 2017. For the 
past three years, students have been working on a simple 
design brief: to design a ‘machine’ that makes architecture. 
The typical project team consisted of three to four students 
working collaboratively over a 12-weeks period. 
The studio introduced tool making as the starting point of an 
architectural design project. The objective was twofold. First, 
while there was a clear programmatic and straightforward 
design brief, such as a pavilion or façade envelope, the 
approach to the architectural brief was purely from a making 
perspective—a ‘wicked’ problem where the solution can only 
be discovered through making. The boundary of making in 
each project is defined through build precedent studies and 
specific industrial fabrication procedure, which act as probes 
for the design process. Second, we wanted to encourage 
the students to escape the pre-set conditions of existing tools 
to discover novel techniques and design potentials. While 
the case studies address various architectural issues such as 
lighting control, shade and façade design, we are interested 
in how numerically controlled technology can be used to 
solve not just architectural problems, but produce design 
that is outside architecture convention. As McMeel observes, 
‘digital technology does not just provide novel methods for 
fabrication; it is creating new tools that support different ways 
of thinking’281. 
4.3.2.1  Method and strategy 
Introducing tool making in the design studio had its limitations, 
primarily owing to time constraints and the depth and breadth 
of knowledge the students needed to acquire to complete 
the design and fabrication of their system. The students 
had to utilise and work across a range of software and 
physical toolkits such as ArduinoTM microprocessor, Arduino 
Integrated Development Environment (IDE), electronic 
prototyping platform (including jumper leads, breadboards, 
resistors, relays and servos) and other CNC equipment. At 
the start of the studio, all participating students had some 
prior parametric design skills using visual scripting software, 
but little or no electronic knowledge and making skills. To 
make the hardware more accessible, we introduced the 
students at an early stage to the programming language 
of Arduino IDE, based on C/C++. Arduino IDE is an open-
source platform with a widely used programming language. 
More importantly, the code library is shared online and 
therefore, accessible to students. We saw this as an asset 
for students to tap into the shared online code and build 
up technical know-how in a reasonable time frame. The 
students needed only to understand the underlying structure 
and language to access and understand most codes. 
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Figure 4.6 Agenda of Machining 
Aesthetic Studio at the University 
of Melbourne from 2011 to 
2017. The studio explores the 
relationship between architecture 
and technology through making 
and digital fabrication. Projects 
from the studios have received 
commendation in the Timber Design 
Award, public spaces catagory. 
To date, five research papers had 
been published and presented at 
international conferences. 
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Figure 4.7. Top, textual variation 
through the incremented pitching 
process. Bottom, 1:1 Prototype used 
to explore the diffuse lighting quality.
Hacking tool: Morphic Intelligence 
Morphic Intelligence hacked into an existing 3D printing 
machine to explore stitching as a fabrication technique. 
The project explored the minimal surfaces, and the spatial 
opportunities provided when fabrics are pinched together 
and stretched. The design team was intrigued by the simple 
aesthetics of a pinched surface and how it could be driven by 
a numerically controlled device to produce extreme effects. 
The project examined how diffuse light could be moderated 
between the two surfaces to create a differentiated effect for 
an interior environment (see figure 4.7). 
A disused three-axis DuinotechTM Mini 3D printer was hacked 
and modified as the base of the CNC machine, as shown 
in figure 4.8. The 3D printer extrusion nozzle was replaced 
with a tag gun, which was modified so it could be actuated 
numerically using a lever arm attached to a stepper motor. 
Figure 4.8 illustrates the actuating motion of the tag gun 
mechanism. A number of different stitching devices were 
explored, and the tag gun was chosen because the manual 
action of the internal mechanism could be actuated with 
reasonable ease. Two frames were mounted on the base of 
the modified machine which slides along the linear guide rail. 
The modified device was driven by a RepRap Arduino Mega 
Pololu Shield, which numerically controls the three stepper 
motors identified as 1, 2 and 3 in figure 4.8. The pinched 
positions are generated in Grasshopper 3D and translated 
to native G-code using Marlin firmware via the Arduino 
Megaboard. The bespoke stitching machine controlled the 
X-Y position of the tag-gun, Z-direction position of the frame 
and actuated the tag gun. 
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Figure 4.8. Right, hacked 3D-printer 
as CNC stitching machine. Left, 
Diagram of machine parts and tag-
gun actuated motion.
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Embedding NC device with the material system: Pneuma 
Pneuma (figure 4.9) is a pneumatic system that regulates 
airflow to inflate or deflate a double-skin polyvinyl chloride 
inflatable structure. The project used air to control the 
penetration of sunlight and views through the inflatable 
structure. Here, our discussion will focus mainly on making the 
air control unit. This project was developed iteratively through 
a series of fabrication experiments. The design team reflected 
on the system and questioned how such a structure could 
be used to regulate daylight and views as a soft façade or 
building cladding system. To make the project more ambitious, 
we prompted the students to incorporate light sensors to 
better regulate the system and limit the amount of sunlight. 
For the initial stage of the design, all the information students 
received was researched from various sources of literature, 
precedent studies, and online DIY making instructions from 
InstructablesTM. No new knowledge was generated, but a 
great deal was learnt in a short period. 
Innovation happened when the team started to embed a 
second opaque layer (see figure 4.9, left) within the inflatable 
structure, which could be deployed to block out daylight. 
From this point on, the design was in the bespoke territory. 
Through critical reflection of the making process, the design 
trajectory moved into the realm of research where the 
solution was not known. The team had to design the control 
device from scratch while prototyping and struggling with air 
leakage and moving components. The hardware design was 
reasonably straightforward, with a servo used to adjust the 
rotation angle to open and close multiple air paths as ‘gate’ 
(see figure 4.10). However, embedding electronics required 
another layer of learning. 
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Figure 4.9. Pneuma prototype 
showing inflation of cell at various 
stages
Figure 4.10. Top, servo controlled 
‘gate’. Bottom, Input and output 
circuit of Pneuma
The open-source nature of the code meant that once the 
fundamental principle was understood, the code could be 
modified to suit the design. The tinkering process with the 
electronics provided a useful learning experience for the 
team, mostly trial and error, including burning out the servos 
and the usual mess of ensuring the circuits are connected 
logically. It took the team six iterations of hardware and 
software configuration and reconfiguration to improve 
the system incrementally. The initial iteration of the system 
required input data using Firefly, a Plug-in to Grasshopper 3D. 
Frustrated by an external device, the team started to code 
the sensor activation and ‘gate’ timing directly in Arduino IDE, 
which enabled the system to be a standalone device with its 
own power supply; a step closer to developing the research 
towards industrial application. Figure 4.10 illustrates the circuit 
workflow of the system. 
A 1:1 full-scale prototype with six connecting cells was 
constructed to test the feasibility of the concept. The prototype 
maintained a 10-minute inflation and deflation cycle. The 
prototype acts as proof of concept for the speculative design 
of a temporary summer pavilion as illustrated in Figure 4.11. The 
design explores the material system as a lightweight inflatable 
roof structure that can control and regulate daylight to 
produce a subtly differentiated interior environment. Design 
details from the 1:1 prototypes, including the arrangement of 
pipes and duct, were used to develop the pavilion design.
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Figure 4.11. Left, 1:1 scale prototype 
of the inflatable system. Right, 
design outcome capitalising on the 
aesthetics from the 1:1 prototype.
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Hybrid fabrication: FOAM 
FOAM is a CNC formwork for sprayed polyurethane foam (SPF). 
The machine, designed to sit on the façade of a building, 
utilises an elastic fabric formwork. This project hybridised three 
conventional building systems to develop a new fabrication 
methodology. First, fabric casting techniques, which is an 
architectural expression used by Miguel Fisac and later by 
Mark West and Kenzo Unno282. The second building system 
is slip forming, which is a construction system developed 
for rapid concrete casting, primarily used in vertical multi-
storey concrete structures283. The formwork typically rises 
at a constant speed to allow for continuous pouring of the 
concrete. Third, the External Thermal Insulation Composite 
System (ETICS) is utilised mainly as an economical way to 
insulate buildings in Europe. The system is often used to 
retrofit existing building stock. Research and development 
in halogen-free flame-retardant compound on ETICS allows 
the system to meet European fire standards284. In recent years, 
researchers have explored SPF as an additive manufacturing 
technique, primarily with the use of robotic manipulator arm; 
for example, the print-in place (PIP) fabrication technique 
developed by Keating et al.285
Two main components make up this novel machine. First, the 
arm actuators illustrated in figure 4.12 (bottom-right) generate 
a controlled pattern through a custom script in Grasshopper 
3D and Firefly plug-in. The arm actuator is a mechanical 
end effector with three axes of control that create a series 
of pinch point to the fabric; the rotation angle of the 
end effector also informed the thickness of the formwork. 
Within these parameters, the depth of insulation, as well as 
the topography, can be algorithmically controlled and 
generated by the designer. The second is the casting bed unit 
that provides a perimeter frame that acts as the mould for the 
casting process; refer to figure 4.12 (left). The mould utilised a 
fabric mesh, and its elastic property has a direct impact on 
the final form. The effect of gravity on the SPF as it cured, and 
the deformation of the mesh caused by the arm actuators, 
add further complexity to the system. This is compounded by 
the need to maintain a degree of relaxation in the mesh to 
control the depth of the cast better. The design team digitally 
simulated the making procedure with the arm actuator and 
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Figure 4.12. Left, 1:1 wall prototype 
of FOAM. Right, pivot mechanisms of 
the FOAM machine.
the casting bed unit. The design underwent three iterations 
of prototyping and refinement before the last machine was 
tested to produce a 1:1 scale construction prototype as 
shown in figure 4.12, left. The iteration process allowed the 
system to be refined and calibrated to ensure the pivoting 
arm actuators apply sufficient force to the fabric to act as a 
mould for the SPF. 
In practice, FOAM operates on the outer facade of a building. 
Figure 4.13 illustrates the casting procedure. Before stimulating 
the design, the base geometry is digitally modelled, then 
subdivided into chunks to suit the operating height of the 
machine for algorithmic manipulation [Stage 1]. Tool paths are 
generated based on the mapping process along the vertical 
plane of the façade [Stage 2]. This process is calculated based 
on two elements: the arm actuators and the tool paths vector 
along the mesh surface; and the pneumatic force acting 
on the mesh by the expansion foam simulated in Kangaroo 
Physics. Based on these two criteria, the tension on the 
mesh negotiated the two effects and controlled the overall 
geometry of the SPF [Stage 3]. As the first layer is cast, the 
machine moved vertically up similar to a slip forming system 
to cast the next segment [Stage 4]. The previous constructed 
result is scanned and feedback into the algorithm for the 
surface geometry to be extrapolated for the next section. This 
continuous feedback system provides a constant designing 
procedure within the fabrication workflow. 
Through physical material experiment, the team soon realised 
that the dimple effect on the surface which creates negative 
curvature surface, not only acts as a control device for the 
system but also produces a flowline that allows rainwater to 
track across the surface. This becomes the primary generator 
for the design of the façade, and the generative parameter 
for the design is reduced to a series of spline curves, as 
illustrated in figure 4.14.
222
Figure 4.13. Fabrication workflow of 
FOAM
4.3.2.2  Discussion: Machining aesthetics values  
The case studies discussed above provide tangible evidence—
specifically, the physical prototypes—of how tool making 
through design and material experimentations could be a 
generator for design. Architectural form in these case studies 
become an emerging factor dictated by the tectonic 
procedure of the technology. 
Here, technology is either hacked, embedded or hybridised 
to create new material systems that generate agencies for 
future design. The hacked system works within the parameter 
of the original system and re-purposes it for another usage, 
as exemplified in Morphic Intelligence, which creatively re-
orientate the conventional X-Y plane of a 3D printing system 
to perform stitching action on a Z-Y plane. Conversely, the 
embed strategy imposes a layer of technological control 
over a conventional system. Peuma enables an incremental 
control of effects over time instead of a mere on/off scenario. 
The hybridised strategy, as deployed in FOAM, borrows useful 
techniques from the various systems and re-formulate them 
into something new. I Believe, this strategy is probably the 
most complex and perhaps fertile ground for future research, 
as it requires actively designing the system to negotiate the 
design problem and its outcome. 
While the mark of the machinery may contribute to the 
aesthetic quality of the prototype, in regard to our earlier 
discussion on intricacy (see Section 2.4), they also become 
useful design probes that enable the designers to capitalise 
on its effect. I consider this as latent aesthetic value. For 
example, in FOAM, the dimple is used as a generative node 
for a series of flow lines across the surface (see figures 4.13 
and 4.14). In Morphic Intelligence, the pinch effect controls 
the level of diffuse lighting, which is multiplied to extremity and 
made feasible through the use of a custom CNC machinery. 
In Pneuma, the entire soft façade system becomes a spatial 
apparatus in choreographing the interior effects. It is the 
potential to delay and uncover emerging aesthetic values 
in physical artefacts that we called machining aesthetics.  
Figure 4.14, Speculative design 
application of FOAM on an existing 
facade
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Figure 4.15 Delay of design intention 
as key characteristic of the 2nd 
approach to digital fabrication, 
privileging the affordances 
generated through the making 
process. 
4.4 Conclusion 
In this chapter, I have identified how design research 
through active making procedure can privilege geometric, 
material, and algorithmic system to suppress the design 
intention of a project. The suppression or delay in formulating 
design intention allows the opportunities and constraints to 
emerge as affordances which are used to inform the design 
outcome (see figure 4.15). The deliberate inversion is useful in 
architectural education because it encourages students to 
work from within the problem set. It is neither top-down nor 
bottom-up, but is worked through physical making; that is, 
thinking-through-making. 
I have used technology as a toolkits, and probes to create 
prototypes for active design enquires. They are doing 
devices used to scaffold experiential learning. When iterated, 
prototypes act as evidence of an indexical form of learning. 
In the second skin projects, making was a means to construct 
knowledge where material strategy was implemented 
through design that is socially or culturally situated.  The social 
or cultural context gave meaning to the making procedure 
and allowed the student to construct individual learning 
experiences. 
In Machining Aesthetics studio, making is a form of research 
methodology. I have identified three strategies of innovation 
in tool making. Through these strategies, the case studies 
examine the agency associated with tool making and how 
it can facilitate design research alongside the provision 
of solutions to design problems. When there is a need to 
search for new knowledge that goes beyond the standard 
toolsets offered to the designer, tool making can be a useful 
methodology for design research, which ultilises technology 
as material for constructing new knowledge and a means to 
search for design potential, resolution and aesthetic values. 
The process of making sense of the relationship between 
spatial requirement, effects, materiality and fabrication is 
the critical enquiry that is demonstrated through the case 
studies. It enables architects and designers to make design 
research applicable to practice and extending it into the 
social domain, to further engage technology with the built 
environment and society.
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5.0 REFLECTION 
ON PRACTICE
In this chapter, I will reflect on how the various agents of making 
come together to inform my digital material practice. By 
placing making activities as the focus of my practice, I have 
argued in the previous chapters that it is changing the way my 
practice designs. I have charted this as an ‘atlas’ for the reader 
to navigate this dissertation (see figure 5.01). 
The atlas illustrates a highly distributed network of agents at 
work within my practice. It shows the connections between 
the various aspect of my research from interviews with craft 
practitioners to theoretical frameworks and their intricate 
relationships with my design, tool making and pedagogical 
projects. When we view the practice as a whole, the atlas 
provides us with a sense of what constitutes a digital material 
practice. I used the phase ‘a sense of’ to mean that while 
the various aspects of the atlas are described in the last three 
chapters, how the agents come together to inform the practice 
as a whole is yet to be discussed. This will form the focus of this 
chapter. 
What connects all my research together so far, is the search for 
the agency of making and its effect on the practice. The first 
and most significant of these effects is that making has enabled 
my practice to delay the formulation of design intention 
through various forms of design agency. Through design 
projects, I have demonstrated how design strategies rooted in 
making could lead to a new form of intricacy in architectural 
detailing. This is accomplished through developing fabrication 
knowledge concurrent with the design process. Such intricacy 
encapsulates a compelling reading of digital craftsmanship 
enhanced through the affordances evident in the various 
workflows, prototypes and tooling. 
Second, through a tool making project, technology is used as 
a transition object to make sense of a diverse knowledge set in 
order to formulate design intention. The maker is as much an 
agent as the tool used. Learning from craft practice, I come 
to understand the disruptive nature of tool making in practice 
and how it can set up a condition for continuous designing. 
Here, we uncover the complex nature of the tool and its various 
agentive capacities to deliver knowledge. When implemented 
into practice, LLDS begins to operate as a craft-like practice.
Third, making is fundamentally a learning process of gaining 
knowledge where the interaction between tacit and explicit 
Figure 5.01, overleaf. Atlas of digital 
material practice. The sense of 
agency in the practice acts as 
the bridge between practice and 
academia.
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knowledge can come together to create innovation286. In 
academia, I have observed how design intention can be 
suppressed or delayed, by privileging geometry, material 
system and algorithm. The pedagogical projects utilised 
digital fabrication and electronic prototyping platform as 
toolkits and probes that scaffold learning as a way of thinking-
through-making. The PAM project demonstrated the complex 
interaction of tacit and explicit knowledge in practice. 
Lastly, I have identified the various affordances for design in 
the case studies which are the consequences of uncovering 
the various agents of making. As an architect, I have come 
to realise that I can leverage such affordances for design to 
evolve my design intention. It led my practice to take a very 
conscious design decision in executing the work through 
fabrication workflows, prototypes and tools. This design decision 
has a creative aspect that requires me, as a designer, to create 
connections, leaps and, most importantly, a sense of criticality 
towards my own work; in other words, approach my practice 
as the larger architectural project. This requires a process of 
evaluation between the design intention and the outcome via 
a set of criteria or framework, which I have outlined in the last 
three chapters, namely: design strategies, aesthetic values and 
affordances. The sense of self-criticality is an acute awareness 
of the trajectory of the practice. It is this experience that I 
describe as the designer’s sense of agency, to use a term from 
psychology. The sense of agency refers to the experience of 
agency by the maker or designer in which an intention leads to 
conscious action287.
Malafouris describes such experiences through the practice 
of pottery, arguing that the seamless sensorimotor control of 
an experienced potter over a throwing wheel is not just the 
outcome of practised skill and tacit knowledge but is motivated 
by a more complex set of agencies at work. He posits, 
in the case of embodied skill, explicit representational 
thinking and verbal description are not needed and can 
hardly capture the phenomenological perturbations of 
real activity or the reciprocity between the crafted and 
the crafter.288 
The intention to throw a vessel on the wheel lead to a series 
of conscious actions. Recalling the example of knapping flint 
discussed in Section 3.3, the maker may be the sole agent 
initiating the activity but the agency of making is distributed, 
and includes the brain, the hand, the tool and the material 
itself. 
Critically, as Malafouris points out, in craft ‘the problem of 
creative agency in mediated action is that the purity of action 
and causality is lost.’289 In architectural practice, the creative 
agency or sense of agency of the practice is even harder to 
locate. In traditional practice, such creative agency exists 
only in fragments through drawings, specification, meeting 
minutes, negotiation and building contract since the architect 
does not enter a direct or immediate relationship with the 
material through the making process. However, in my practice, 
the experience of creative agency is explicit in the workflow, 
prototypes, tools and the entire framework of evaluation which 
define the locus of my practice. The effect of this can be seen 
in the procurement process of the case study (see Appendix A).
I have identified three areas in my practice where the sense 
of agency is most pronounced: first, the operative nature of 
aesthetic values within my practice; second, the materiality 
of digital practice through co-rationalisation; and third, the 
emerging repertoire of my practice where my experiences 
of agency can be traced through the relationship across the 
various case studies. Through affordances, the repertoire (of 
tools, materials and techniques) is used to drive and sustain 
design evolution as a form of continuous designing. The 
chapter concludes by reflecting on the sense of agency in my 
practice. I argue that it is through the designer’s experiences 
of agency that digital material practice can begin to locate 
craftmanship in digital fabrication and qualify my practice as 
a form of craft practice.
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5.1  Sense of Agency
A sense of agency refers to the designer or maker’s ‘experience’ 
of the agency that is only possible through human action. In 
Chapter 3, I discussed the theoretical framework of material 
engagement and how tools can provide agency for design 
purposes. The case studies discussed in Chapters 2 and 3 
demonstrated my observations of how prototype, workflow 
and tooling act as agents with the capacity to uncover 
affordances ‘of’ and ‘for’ design. Most of the agents discussed 
are inanimate objects or systems that are not capable of 
gaining experiences. However, looking at the diagrams that 
describe agency in action (see figures 1.17 and 3.42), I discuss 
the agency in relation to the design intention of the designer. 
Design intention requires the maker or designer to have an 
ability to make design decisions (see Section 1.8).  Returning 
to Malafouris’ discussion about the agency of the pottery, he 
observes,
What makes the potter an experiencing enactive agent 
is the fact that, in contrast to the clay and the wheel, the 
potter possesses a ‘sense’ or an ‘experience’ of agency. 
In other words, it is not causality but the consciousness 
that differentiates the human sense of agency from 
agency proper.290 
Shaun Gallagher describes the sense of agency as ‘the sense 
that I am the one who is causing or generating an action. For 
example, the sense that I am the one who is causing something 
to move, or that I am the one who is generating a certain 
thought in my stream of consciousness.’291 It consists of various 
aspects, which include ‘an experience of intentional causation’ 
and ‘the sense of initiation and sense of control’. Hence, sense 
of agency is closely related to intention, in this case, design 
intention which is not fixed in time292 (see Glossary). Gallagher 
also highlights that a sense of agency is phenomenologically 
recessive, because like our body movement, it is not something 
we are explicitly aware of or to which we attend293. 
As making activities are central to my design practice, I argue 
that it only makes sense when the practice is viewed in action 
or in time across projects (see figure 5.02). This enables me 
to conceive of the practice as a single architectural project, 
returning to one of the three categories of relationships I 
identified in my community of practice in Section 2.3.   
Figure 5.02 Accumulation of 
prototypes as evidence of emerging 
aesthetic values of the practice. They 
defined the practice in time, and I 
have viewed them as snapshot of the 
practice in action. 
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5.1.1  Aesthetic values in practice
In Chapter 4, I discussed how aesthetic values are generated 
through prototypes, which are retained and accumulated 
as indexes of experiential learning (see figure 4.15); that is, 
critical feedback to the design process, which I describe as 
affordances for design. As Schumacher suggests, an aesthetic 
value can be seen as the underlying ‘style’ of a practitioner 
that is augmented through explicit formal rules (see Section 
1.9). It can orient a code of beauty which the maker and 
designer seek through the form making process, it initiates and 
terminates the design process, and it allows the designer to 
make a design decision nearest their intention. 
I have observed how such formal rules can play out through the 
tools used in Steve Howden and Marcos Davidson’s practice294. 
Figure 5.03 illustrates the workflow of Howden’s practice 
consisting of a mixture of CNC and manual fabrication. The 
underlying ‘style’ of his practice is partly coded in the fabrication 
procedure, such as the pattern making process used for 
templating the leather. Figure 5.04 illustrates the process of 
tool modification in Davidson’s practice. Here, the formal motif 
in the modified tool is the carrying forward of background 
knowledge, which includes tacit know-how. I deployed a 
similar methodology in the invention of PAM (see figure 3.39). 
Davidson exercises his index of making (as experiences) and 
a set of accumulated aesthetic values (in the form of formal 
motifs that already exist in his repertoire) to make a judgement 
of what to modify and how to modify the tool. This means he 
will rarely repeat the same motif and instead, build on the prior 
knowledge to invent a new one.
Through reflection on my practice’s projects and interviews 
with the craft practitioners, I have come to understand that 
the affordances uncovered through tools, prototypes and 
workflows in my practice are part of these formal rules that 
formulate LLDS’s underlying ‘style’. Figure 5.05 summarises the 
affordances of and for design uncovered through my practice 
work. The diagram charts the affordances resulting from the 
case studies and the accumulation of aesthetic values for 
the practice (see figure 5.05, right). Through the case studies, 
I have demonstrated how my practice utilises making as a 
generative means to produce affordances, which in turn are 
conceptualised to generate affordances for future design. 
Figure 5.03 Workflow of Steve 
Howden’s practice. The blending 
of CNC and handcrafted making 
blurred the boundary of the machine 
made. The formal rules of his 
artefacts are conditioned by the tool 
deployed.
Figure 5.04 Knowledge structure 
of tool modification in Marcos 
Davidson’s practice. Here, the 
sense of agency is visible as tacit 
knowledge; I suggest that tacit 
knowledge can be unpacked to 
reveal the layer of agency delivered 
by various agents in the making 
process, including tools and the 
servomechanism of the body.
Figure 5.05, overleaf. A network of 
affordances (left) operate in my 
practice to formulate or reveal 
aesthetic values (right). These 
values are useful to evaluate design 
intention. Desin strategies synthesise 
these values into formal operations.
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informal learning, the aesthetic values of my practice are made 
pluralistic through the generative nature of making. However, 
there are some key differences between my practice and 
the interviewed craft practices. One is the scale and range of 
repertoire deployed. Unlike the interviewed craft practitioners, 
my practice tends not to have a focused set of materials. 
While the tooling conditions our work, the practice has slowly 
and consciously expanded our repertoire to include not just 
sheet materials but also more transformable material such as 
concrete (see figure 5.06). The wider bandwidth of materials 
used sets my practice apart from traditional craft practices. 
Here, digital fabrication techniques act as a platform for my 
practice to operate across multiple materials.
   
5.1.2  Materiality in digital practice
As discussed in Chapters 2 and 3, the unpredictable material 
outcomes resulting from the neutral relationship between tools 
and material is only an effect of digital fabrication, and not 
necessarily why such artefacts can be considered as a form of 
digital craftsmanship. The fact remains that in most architectural 
practices, a single material is rarely the primary motivation of 
design as often the brief is too complex to be problem solved 
using one material. To complicate the matter, in my practice, I 
also use the computer and electronic prototyping platforms as 
materials to construct tools for design.  
Materiality in my practice is considered on three levels. First, 
the effects of the material, which consists of its quality such 
as texture, colour and warmth. Second, the plasticity of the 
material, which includes our ability to manipulate shape and 
form the material. This is primarily motivated by the CNC toolset 
available to the practice. For example, our furniture design is 
based primarily on sheet material suitable for the three-axis 
CNC router. Later projects such as House #05 begin to explore 
more plastic materials as we reconsidered our technique to 
create more 3D moulds. This coincided with adding the seven-
axis Kuka robot to our capacity. The third consideration is the 
compounding of the above to form an integral system or 
material system. In other words, there is no single material being 
deployed but a system of materials, and with it comes the 
baggage of construction techniques and assembly sequence, 
which I have identified as procedural. This is evident in both the 
Figure 5.06 Range of materials, tools 
and techniques deployed by LLDS. 
Here, I distinct my practice from 
those of craft practice. Buildings 
are rarely constructed using a single 
material but a system of materials. 
The synthetic choreography of the 
repertoire locates the craftsmanship 
of my practice.
The diagram illustrates the network of affordances and how 
they have influenced both within and across projects. These 
affordances, both of and for design, contribute to a set of 
aesthetic values that emerge through the design. Some of 
the values I have identified are formal rules and effects such 
as ‘differentiated surface’ or ‘pixilation of space’. Others are 
better described as a particular method of design thinking, 
such as ‘economy of means’, ‘geometric transition’ and ‘co-
rationalised system’. The images of the aesthetic values I have 
identified contain much more qualitative information than the 
annotated text describes. The aesthetic values of my practice 
are informed by the negotiation between affordances found in 
making and technology.
Through this lens, my practice appears to share some 
commonality with craft practice, in so far as the aesthetic 
values in my practice have evolved with the repertoire of tools 
and techniques. While aesthetics in a stylistic application is 
typically static or defined in a small bandwidth through formal or 
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concrete formwork and roof structure of House #05. Through 
procedural workflow, the material is transformed, shaped, 
subtracted or added to produce effects guided by aesthetic 
values and other performance criteria. This is a fundamental 
difference between LLDS and craft practice.
As an example, we recall our discussion on the negotiation of the 
roof form in House #05, from drainage to structural performance 
and solar optimisation of the surface. The ‘co-rationalisation’ 
of performance criteria evidenced in the implied architectural 
form was not driven by a singular design intention but was, in 
fact, a cohesion of multiple forces based on environmental, 
practical, engineering and material demands (see figure 5.07). 
The detailing of the roof beam, such as the finger joints and 
other details, are a result of integrating structural requirements 
with assembly know-how. The practice could only acquire 
this knowledge through making and testing out the assembly 
sequence of the roof beam at 1:1 scale. Here, the coherence 
between numeric data, materials, tools and techniques 
constitute the architectural form of the roof and the intricacy in 
its detailing, as outlined in the discussion on interference of data 
in Section 3.2.2.2.  The co-rationalisation of the multiple criteria 
formulates a synthetic system and formal ruleset. Behind the 
design are a set of constraints and practical demands informed 
by affordances and emerging aesthetic values (see figure 5.05, 
right).
Within digital material practice, digital fabrication is a learned 
and sustained engagement with materials to construct a 
synthetic ecology. Figure 5.08 illustrates the contribution of 
tools and techniques resulting from PAM, House #05 and House 
#13. Here, the know-how and tools developed from lateral 
relationships across the projects. I call these lateral relationships 
an agency of know-how. It is a critical relationship as the 
learned techniques and novel tools sustain the repertoire of my 
practice, while setting up a condition for continuous designing. 
Although they can be related, it is important for us to 
differentiate the agency of know-how from the network of 
affordances illustrated in figure 5.05. I will use two examples 
to unpack the argument. The first example illustrates how the 
agency of know-how can correlate with affordances (see 
figure 5.08, right). The optimisation of tooling in House #13 
provides affordances for the visual softness of the concrete in 
House #05. The know-how developed in House #13, therefore, has 
a direct impact on the design of the concrete wall. 
Figure 5.07. Co-rationalisation of 
multiple factors on an architectural 
form. 
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5.1.3  Towards continuous designing
I have observed how craft practice constructs repertoire 
through structural coupling of tools with materials and 
techniques. Through my field research, I have identified tool 
making as one of the methods in which craft practitioners 
create continuous design in their practice. I have adopted a 
similar methodology in my practice. Through the PAM project, 
I have created new tools and workflow for fabricating curved 
concrete panels. The aim is to deploy the novel technique 
in future projects. Similarly, House #05 and House #13 have 
produced unique fabrication techniques, know-how and 
workflows that are informing how LLDS fabricate and design 
in the future (see figure 5.08). In this section, we will focus on 
the implication of continuous designing on the practice as a 
whole.
As tools, prototypes and workflows act as agents in my design 
process, I suggest that an individual design project could be an 
agent within my practice. Its agency is to deliver design research 
to sustain continuous designing. Renzo Piano comments on 
design research by saying, 
You test what you have found. If it does not work you 
start again. You formulate another hypothesis and go 
back over what you have done and so on. … Note that 
circularity in this sense, is not just methodology, and still 
less a procedure. It is, to use high-sounding words, a 
theory of knowledge.295 
What Piano describes is the act of searching for a design 
solution296. As my practice establishes a repertoire, continuous 
designing sets forth a motion that allows me to critically re-
evaluate the various design trajectories against the multiple sets 
of external forces and performance requirements. The design 
trajectories are formulated as design strategies to manage the 
numerous criteria.
The role of design research in my practice facilitates the 
continuity of ideas, interest and trajectories of thought processes 
as a guiding body of knowledge, which I can fall back on 
as a practitioner. I have used design knowledge to actively 
engage new trajectories of research as well as applications in 
projects as an open system (see figure 5.08). Design research in 
Figure 5.08. Agency of know-how 
as learned and sustained material 
engagement in practice.
An example where the agency of know-how is different from 
affordance is the quadrilateral surface of PAM (see figure 
5.08, left). Here, the descriptive geometry provides affordance 
for the machine to transform surface geometry. The same 
affordance is also used in the roof of House #05 to deal with 
the warpped plywood decking. Thus, the same affordance 
is deployed in two separate projects to yield different results. 
While the technique may look similar, taking a quad surface 
and transforming it by its corner vertices, the design intentions 
are different. PAM utilised the tri-axial joints to articulate motion 
while the roof deck produce a structurally stable form by pre-
stressing the material. Each method provides a unique ecology 
of toolset, and procedures; an artificially constructed material 
system.
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is not about the design project as a singular entity. Instead, it is 
concerned with how the project becomes part of the practice 
as a form of network and how it can lead the practice forward. 
Here, design intention is not predefined but exists in the action 
of the practice. 
In my practice, I have used both tacit and explicit knowledge 
to scaffold my design process,  a rarefied territory among my 
community of practice. It is evident in the design of PAM, where 
the explicit knowledge of hyperbolic paraboloid interacts with 
the tacit knowledge of concrete casting to create a novel 
device. Similarly, in designing the concrete formwork for House 
#05, the explicit knowledge of CNC tooling is informed by the 
assembly procedure of the PIR formwork to the Peri system and 
the staging of day joints to the concrete pour. As my practice 
unfolds in time through built projects, it moves in multiple and 
sometimes undisciplined trajectories300.  The implication of the 
agentive capacity of design projects within the practice acts 
to provide moments in which the practitioner can become 
aware of the trajectory to come. Through awareness comes a 
sense of agency and sense of control over the repertoire.
5.2  Conclusion 
This chapter reflects on three key moments where as an 
architect, I can ‘experience’ the agency of my practice. These 
experiences led to a conscious awareness of the trajectory of my 
practice, which is latent in the generative design methodology 
driven by making activities. As such, design intentions of 
projects are strategically delayed, extended or augmented for 
the practice to accumulate aesthetic values and procedural 
knowledge through design projects and research. It implies a 
pluralistic approached to our design projects, in-so-far as there 
is no longer a determinable style of the practice. Instead, the 
traditional notions of style as static, formal and signature have 
given way to a set of design strategies formulated through 
aesthetic values. 
Coupled with my reading of materiality in digital practice 
as a co-rationalised and synthetic material system, our role 
as architects can now grow beyond that of a specifier of 
construction techniques to include know-how of fabrication 
Figure 5.09 Evolving repertoire 
of LLDS. Left, my view of 
LLDS’s repertoire before PhD. Right, 
my view of LLDS’s repertoire at the 
time of writing this dissertation. 
practice is both a methodology and a procedure of design. As 
Frampton notes, ‘through such a procedure, design flows into 
research and vice versa.’297 The practice of Barkow Leibinger 
is strategically situated in this mode of design research. Frank 
Barkow contends that, ‘research is as an independent, 
internal effect folded into ongoing building projects within the 
practice’.298      
The repertoire of LLDS has developed over the course of this 
PhD (see figure 5.09). I began treating design as a sequential 
outcome using digital technology. Through reflective practice, 
I have come to consider design outcomes as the product of 
an accumulative agency of tools, materials and techniques. 
As Malafouris suggests, ‘Agency is the relational and emergent 
product of material engagement. It is not something given but 
something to become realised’.299 In other words, the agency 
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and assembly, often referred to as embodied knowledge. This 
can be accomplished through scripted workflow, prototypes 
and tooling. In the context of viewing the practice as a whole, 
I have identified the agency of know-how to bridge and cross-
pollinate design projects. The aim is to evolve a particular 
toolset or techniques to uncover latent potentials and effects 
of the material system. 
The sense of agency foregrounds my role as an architect in 
digital material practice. In Chapters 2, 3 and 4, I predominantly 
discussed the search for the agency of making and its 
effect on digital material practice. This includes the shift and 
transformation of design intention in projects. Through the 
experience of agency of my practice, I have highlighted 
three areas where the agency of making comes together to 
affect my practice as the architectural project. It allows me to 
differentiate design intention in a project and design intention 
of the practice. The former is based on generative processes of 
making while the latter is a reconstruction of these processes 
within the practice to make sense of my future trajectory as 
a practitioner. By being aware of the agents in my practice, 
I sense my control over the design repertoire, and refer to my 
interview with Marcos Davidson where he described his craft 
practice as having autonomy over his repertoire. Here, I suggest 
that the role of an architect in digital material practice is more 
akin to that of a craft practitioner, especially in the subtler 
integration of material, tool and techniques.
Through the experiences of agency, I have articulated the 
intention of the practice through this dissertation as well as 
the accompanying exhibition for my PhD examination. I have 
curated the exhibition around physical artefacts of prototypes 
and tools with film clips demonstrating procedural workflows 
that are central to my practice. The exhibition aims to provide 
the audience with an experience of the agency of my practice, 
which is not possible to fully convey through written dissertation 
alone. 
Throughout this dissertation, I have referred to my practice 
as akin to making, which can only be experienced in full 
through motion. While design projects have a temporal end 
whether it is built or shelved, the design research within the 
project continues to fuel the trajectory of the practice towards 
continuous designing.
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6.0 Conclusion
This dissertation has outlined digital material practice as an 
early 21st-century mode of design practice using digital 
fabrication and its associated procedural logic of making 
as the primary drivers for innovation in design. Examined 
through the lens of my practice, I have distilled three design 
strategies deployed in my practice: procedural logic, iterative 
prototyping and material interfaces. These strategies describe 
different methods of managing architectural design intention, 
which is informed by the affordances uncovered in the 
prototyped artefacts, scripted workflows and tool making 
process. In these instances, making as an activity provides 
affordance for design. It constructs a productive feedback 
procedure that enables continuous designing, providing 
vectors, opportunities and constraints to generate design in 
practice. 
The significance of my research is captured in figures 6.01 
and 6.02. They illustrate the various agencies of making and 
the critical continuous feedback to inform design intention. 
Through making, I reflect on the affordances created through 
the interaction between material, tool, techniques (as tacit 
knowledge) and the use of CNC technology, descriptive 
geometry and scripted algorithm (as explicit knowledge). I 
have identified affordances found in prototypes, tools, and 
scripted workflows as agents; their agentive capacities are 
differentiated as affordances of design, and affordances for 
design.  This allows me to identify a series of aesthetic values, 
which is valuable for design. Design strategies synthesise these 
aesthetic values into formal operations. Figure 6.01 summarises 
the relationship of the various agents of making.
When played out over time, affordances for design impart 
knowledge, influencing and augmenting architectural design 
intentions in the process. Aesthetic values are formulated 
through the various affordances and accumulated as an 
index of experiences. Through both practice and teaching, 
I have demonstrated that making as a form of experiential 
learning can construct new design knowledge. Schank’s 
indexical format of learning, Kolb’s feedback cycle and 
Malafouris’s sense of agency provided theoretical frameworks 
to understand making as a complex and generative activity. 
These frameworks allow me to formulate a new understanding, 
of how making can act as a driver for design in practice; 
specifically, how it has the capacity to inform my design 
intention. The repetitious act of making produces a body of 
knowledge, which, through critical reflection and evaluation, 
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enables design decisions (in the form of judgement) that 
can modify and alter design intent. Through making, the 
judgement is based on an evaluation of workmanship. I have 
built on Pye’s notion of workmanship and demonstrated that 
the evaluation of workmanship can be useful in design. Here, 
the architect is not merely measuring design intent against the 
outcome but also searching for affordances and aesthetic 
values for future designing. The residue of this knowledge 
is made evident in the prototypes, workflows and tooling 
process of my design and pedagogical projects. Aesthetic 
values are retained to create continuous designing in my 
practice. The continuous feedback in the modelling through 
making procedure formulates the fundamentals of a digital 
material practice. Figure 6.02 spatialises these relationships. 
In my practice, the accumulation of knowledge occurs 
incrementally through negotiating multiple factors in the form 
of co-rationalisation of performance criteria which involves 
both physical and virtual prototypes. I attributed the process 
of form making in digital practice as precisely this negotiated 
activity, as evident in the roof design and fabrication of House 
#05. Here, I argue that while the algorithmic procedure of 
digital fabrication is productive as a generator of forms, ideas 
and tectonic expression, what is often ignored is the value of 
making and what it can deliver for design. 
Through reflection on my projects, I have come to understand 
how and why making has allowed my practice to acquire a 
unique voice. I have accomplished this through first, extending 
the current theoretical framework on making to architectural 
design and practice, and second, exploring making as a 
critical form of design research methodology. The procedure 
over time brings forth the open-ended nature of design 
enquiry. Design projects become agents of the practice, 
establishing the reading of the practice (both through agency 
and in action) as the Architectural Project. 
Figure 6.01 The diagram shows 
the various ingredients in making 
activities identified throughout the 
dissertation. In chapter 2, I declare 
the three strategies deployed in 
my practice. Here, I have identified 
the agents and how its associated 
agencies enables LLDS to formulate 
design strategy rooted in the making 
process.
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6.1 Failure, Design intention and Affordance
Critically, the affordances for design are at their greatest when 
making fails. It is precisely at the moment of failure that design 
assumptions, values and intentions are challenged. In the 
first instance, architects build models — virtual and physical 
prototypes — to test ideas and to validate their hypotheses or 
imagination. Every failed attempt questions and probes the 
validity of the test, both its design intention and its expectation. 
However, what we tend to ignore is how the failed artefacts 
can set up another set of design propositions. For example, 
in House #05, the successive ‘failed’ prototypes transformed 
the performance-driven roof from a surface to a thick volume 
that incorporated performances, effects, engineering and 
fabrication procedures. Here, prototypes failed because they 
did not meet the evolving design intention. The design intention 
evolved not because the practice was indecisive, but because 
we had allowed the affordances in the prototypes to drive 
the design process (see figure 5.05). Both virtual and physical 
prototypes pointed towards a convergence of performance 
and aesthetic conditioned by the making process. This enabled 
the structural integrity of the roof geometry to ascertain a level 
of intricacy from the sourcing of plywood with an appropriate 
grain orientation to the fixing details. What was finally 
constructed, was one instance of this abstract machine that 
co-rationalised the various vectors into a cohesive artefact. 
When I examined the used of tools in making, I observed the 
three different forms of agency (described in Chapter 3). Of 
these, the radical inversion of traditional workflow from design 
intention to its outcome can serve as a productive design 
methodology (see Chapter 4). The inverted knowledge 
structure serves a double articulation: first, to delay design 
intentions to privilege another aspect of the system, and then to 
recast the intention to deliver design. The knowledge structure 
to make a new CNC tool utilises a layered understanding 
of background, behaviour and digital interfaces. Here, the 
affordances for design exist in the form of opportunities and 
constraints of the system. The formulation of design intention 
is deliberately suspended in the experimentation as the 
material, tools and techniques are foregrounded to uncover 
new possibilities (see figure 4.15).  
Figure 6.02 In practice, the agency 
of making set up a feedback 
relationship with my design intention 
and outcome; allowing a process 
of evaluation and formalisation of 
design. The design outcome is one 
instance of this abstract machine.
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What is responsible for driving the feedback procedure, is 
the persistence of changes, re-making and refinements. 
Affordances for design provide the ingredients to reflect on 
and to be acted upon by the architect as the principal agent. 
When we reconsider design practice as an open system 
with a sense of agency (as described in Chapter 5), the 
responsibility of an architect in digital material practice must 
extend beyond the specification of construction techniques 
to include its know-how, fabrication and assembly. 
6.2 Implication in Architectural Education
My teachings in academia are centred around making and 
fabrication, using technology. I have reconciled and bridged 
my teaching in design with practice by reflecting on the role of 
making as a critical and generative activity in design research: 
the use of virtual and physical prototyping, tooling and tool 
making act as a scaffold to provide learning experiences 
and create new knowledge in design. Tacit knowledge in 
the forms of know-how and techniques can be mapped and 
charted, as demonstrated in the various diagrams contained 
in this dissertation.    
As an educator and practitioner, I began to formulate making 
with technology as a pedagogy through my research. In 
the wake of emerging technology in manufacturing and 
visualisation, I see this as providing a useful and critical means 
to teach emerging technologies in design, especially in an 
already broad and multi-disciplinary context. Embedding 
technology as an experiential learning process can help 
construct a more critical approach to design learning. 
The emerging field of design and pedagogical enquiry 
around open-source DIY technology in many ways refocuses 
attention away from technology per se to the cognitive 
activity of making. The return to the toolkit, which technology 
comprises, is a desire for designer and architect to reject the 
black box mentality of technology and claim new design 
territories — a return to the most fundamental and primitive 
means of exercising our creative function by re-enacting 
abstract conceptualisation and concrete experience through 
making. 
6.3 Implication in practice
Architecture as a material practice is by its nature 
technologically dependent. In an ever-evolving context 
where the novelty of digital fabrication becomes part of the 
normal practice of architecture, it is with increasing urgency 
that practitioners reflect on how future technology could 
impact the discourse, especially in our post-industrial context. 
As Bruce Sterling observes, ‘the future of making is in hacking 
the post-industrial milieu.’301
This research points to a new reading of digital fabrication that 
pivots on making as a generative activity and its associated 
agency to construct a new mode of practice: digital material 
practice. This is an architecture practice that proposes 
to establish an alternative set of relationships with digital 
fabrication; one that utilises computational processes and 
making as the generative design process. The embodiment of 
material practice through digital fabrication procedures and 
workflows produces a continuum body of design research that 
will perpetuate continuous designing. Akin to craft practices, 
we utilise tools and techniques to structure a repertoire for 
design and to inform an ongoing research enquiry. It is within 
this continuum of action, both researching and making, that 
the situated body of the architect as maker, is embodied in 
digital material practice.  
Here, we can begin to locate, in a more meaningful manner, 
the craftsmanship that resides in the early 21st-century digital 
fabrication discourse. The deployment of design strategy, 
rooted in making and CNC fabrication knowledge, brings 
forth a new intricacy in architectural detailing that is more 
than an appreciation of craft in the making process. It is the 
embodiment of digital craft where detail emerges from the 
strategy-driven computation. The implication of such practice 
demands a different office set up in comparison to the 
traditional architecture studio. It requires the making workshop 
to be co-organised as part of the information production 
of architecture. It also has an impact on how we conduct 
business as architects302 which includes our relationship with 
clients, builders and fabricators.
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6.4 Contribution to Knowledge
My contribution to knowledge in this dissertation lies in extending 
the practice of continuous designing in architecture through 
the agency of making, what I call digital material practice. I 
have done this through theory and through practice, which can 
be distinguished in three parts that are not mutually exclusive, 
but concurrent events. 
First, through reflection on contemporary theoretical frameworks 
on making and craft practice as a knowledge-generating 
activity, I have identified various agencies of making that are 
critical in scaffolding the knowledge structure for design. This is 
extended into my practice, research and teaching. Learning 
from craft practice, I understand the disruptive nature of tool 
making in the design process. When applied to architectural 
practice, it challenges the traditional hierarchy of design 
intention to the outcome; with the potential to create novel 
aesthetics. As a result, the invention of PAM is an original and 
novel piece of technology that provides further insight into the 
knowledge structure of tool invention with a potential impact 
on the future fabrication methodology of doubly curved 
concrete panels.
Second, I exhibited the agency of making through design 
projects. Through demonstration, I provided a new method of 
analysing making as a knowledge-generating activity using 
the diagram as a key medium (see figure 5.01). The diagrams 
allowed me, as a designer and maker to uncover design 
strategies, aesthetic values and most importantly, capture the 
sense of agency of my practice. Notably, the atlas of digital 
material practice (see figure 5.01). While it is originally intended 
to clarify and map the practice mode of operation, the network 
of agency highlighted in the atlas begin to frame a generalisable 
contribution to knowledge about material practice and the 
agency of making. In doing so, I show how making can be a 
generative activity by privileging the affordances provided by 
material artefacts or prototypes; whereby the prototypes are 
the result of failed experimentations that struggle to converge 
emerging design intention with the material outcome. 
Third, while architectural design is typically developed from 
ideas to formal outcome, with fixed design intention, I have 
demonstrated through practice that the design intention of 
an architect may be formulated through the emergence of 
new aesthetic values via the act of making. My design projects 
show how affordances can alter design intentions when 
played out over time, that is, affordances can be temporal 
in design. Design intention can evolve in parallel with making 
activities driven by its various agency. Through uncovering the 
affordances of prototypes, tooling and scripted workflows, 
I have identified affordances that can assist the architect in 
formulating design evaluations and aesthetic values to hone 
the search process in design. 
What distinguishes LLDS from my community of practice, both 
historic and contemporary, is that LLDS has deliberately allowed 
design intentions to be suppressed and evolved throughout 
a project, concurrent to a series of making activities. Where 
architects typically develop their design through sketches, data, 
knowledge from previous design projects and experience, we 
have chosen to foreground the aesthetic values gathered 
through making activities as the primary generator of our 
design. In this way, the prototypes are more valuable in 
terms of design than the finished product. Here, our design 
intention responds to the outcome of fabrication and making 
experiments. The results are often non-deterministic and rooted 
in the procedure of making. Simply put, the practice designs 
by learning to observe and experience what we make. As 
Professor Jane Burry observed, LLDS has put into practice the 
idea of non-representation in architecture to the extreme.
The workshop setup of LLDS privileges our unique position in 
conducting design research through making. While I recognise 
that this design research methodology is a slow process of 
designing, what it provides for the practice is a unique voice 
in material articulation using digital fabrication to evoke a 
new form of intricacy and aesthetic. The physical outcomes 
discussed in this dissertation are but one instance of the abstract 
machine, I called digital material practice.
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Glossary
Abstract Machine. Daintith 
and Wright define a machine 
as a collection of resources 
and a definition of the way 
the resources interact. A real 
machine exists as tangible 
object. An abstract machine 
contains similar criteria, consisting 
of the theory of computing, input, 
output and set of allowable 
operations. The Turing machine is 
one of the best-known examples. 
The abstract machine is used to 
prove properties of programs303. 
Deleuze and Guattari write, 
‘An abstract machine in itself 
is not physical or corporeal, 
any more than it is semiotic; it is 
diagrammatic (it knows nothing 
of the distinction between the 
artificial and the nature either). 
It operates by matter, not by 
substance; by function, not 
by form’.304 Manuel De Landa 
describes Deleuze as a realist 
philosopher who believes in the 
autonomous existence of actual 
forms (the forms of rocks, plants, 
and matter) as well as virtual 
(abstract) forms305. There are 
two types of abstract machine 
discussed in this dissertation. First, 
architecture practice could be 
considered as a form of abstract 
machine (see Section 2.3.2). 
Second, the computational and 
fabrication workflows sets up a 
system of interaction between 
different resources through a 
defined set of operations. These 
abstract machines allow variable 
outcomes defined within a set of 
parameters.
 
Actor-Network Theory (ANT) as 
formulated by Michel Callon, 
Bruno Latour, John Law and 
others. They have postulated 
a non-human agency as its 
core features. The theory 
conceptualised agency as 
distributed and possessed in 
relation to a network of human 
and objects. In ANT, actors or 
agents are product or effect of 
systems which mean that there 
are no supremacy of human 
actors over non-human actors; 
there are no a priori order306. 
Malafouris suggests that ANT’s 
notion of the agency of things 
can lead us closer to the causal 
efficacy of material culture307. 
Michael Hensel proposed that 
to understand performance 
in architecture, it will require 
some concept of non-human 
agency308. Agency in ANT is 
not based on intentionality, nor 
does it assigned intentionality to 
non-human agents. It should be 
clear that intentionality in this 
dissertation is a human-centred 
activity. However, non-human 
object, be it a physical artefact 
or a sequence of actions (I call 
workflow or procedure) can 
have the capacity to deliver 
knowledge or acquire agency. 
Hence in this writing, I only discuss 
the intention of the architect or 
designer. The intention of the 
architect can be negotiated 
through the various agency. For 
example, in Chapter 3, I explain 
how the tool can have agency 
and how it shapes the designer’s 
intentions and outcomes.
Aesthetic, noun.  From German 
Ästhetisch and Greek aisthetkos 
meaning ‘of or for perception 
by the senses’ or ‘perceptive of 
things’. Therefore, aesthetic is 
not a concept of beauty while it 
may relate to the judgement of 
beauty. As Kant suggests, it is a 
futile effort to equate the concept 
of beauty ‘under principles of 
reason’. Schumacher suggests 
that aesthetic judgement can 
be rational and is based on the 
appreciation of performativity. 
Response based on aesthetic 
is much faster compare to 
knowledge-based response as 
aesthetic operate on global 
impressions rather than isolated 
factors309. In this dissertation, I 
use aesthetic predominantly to 
mean aesthetic value.
Aesthetic Value, noun. Value 
based on aesthetic judgement. 
Schumacher argues that 
there is rationality behind the 
construction of aesthetic value. 
It is unlike aesthetic evaluation or 
preference - what Bourdieu refers 
to as Taste, which is subjective 
and individual. In this dissertation, 
I use aesthetic value to refer to a 
set of formal rules or criteria that I 
use to make design judgement as 
a designer. It is an impression that 
orient a code of beauty which I 
seek during the design process. 
The code of beauty is obtained 
through multiple media, but in my 
practice and in this dissertation, I 
have emphasised the need for 
this code to transpire through the 
making process.
A
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Afford, verb. middle English 
aforth meaning to ‘put forth, 
contribute’310. To manage to 
bear without serious detriment. 
To make available, give forth, or 
provide naturally or inevitably311. 
Affordance, noun. From the word 
afford. Affordance, etymology, 
not found. Coined in 1977 by 
psychologist J. J. Gibson in 
his theory on an ecological 
approach to the problem of 
perception. In psychology, 
affordance refers to the qualities 
or properties of an object that 
define its possible uses or make 
clear how it can or should be 
used312. Gibson describes the 
ability of an object or environment 
to afford something in which, 
‘the affordances of something 
does not change as the need 
of the observer changes’313. For 
example, a door handle affords 
to grasp, a flat vertical plane 
affords to lean, a flat horizontal 
plane at 400mm above the 
ground affords sitting. I argue that 
the notion of affordance is not a 
borrowed term from another field 
but is inherently architectural 
(see Section 1.4.2). Affordance, 
as Gibson suggested, is rooted in 
System Theory.
Agent, noun. From Latin agentem 
meaning ‘one who acts’. Present 
participle of agree meaning to 
‘set in motion, drive forward’. In 
ANT, an agent is defined as ‘any 
element which … make other 
elements dependent upon itself 
and translate their will into a 
language of its own’314. Oxford 
dictionary defines an agent 
as a person or thing that takes 
an active role or produces a 
specified effect315. The agent 
can be the product or effect of a 
network (see ANT). 
Agency or agentive capacity 
is the capacity of an actor to 
act in any given environment. 
From Latin, agentia meaning 
“active operation” or “a mode of 
exerting power or producing an 
effect”316. In this writing, it refers 
to the capacity of the agent to 
deliver or carried information 
and knowledge. Hence, it can 
be useful in design. Malafouris 
notes, ‘the agency should be 
approached as an “open” 
concept’317. The designer as 
an actor utilised an agent to 
deliver agency. A tool can have 
agency. Malafouris suggests 
that the servomechanism of our 
body and hand during the act 
of making can also produce 
agency318. 
Arduino. An open source 
electronic platform that utilised a 
microprocessor controller (a mini-
computer) with an associated 
programming language based 
on C/C++ and Arduino Integrated 
Development Environment (IDE). 
Autoethnography. A research 
method in which the researcher 
uses his or her own experience to 
reflect on cultural beliefs, practices 
and experiences critically. The 
reflection took place after the 
act of design and fabrication 
on the wider cultural or social 
meaning and understanding 
that have emerged. 
Autoethnography involves 
participant observation and 
embedding within a community 
where the division between the 
researcher and the community 
is blurred – the researcher writes 
autobiographically about 
their experiences, position 
themselves within the culture . 
Adams, Jones and Ellis describe 
autoethnography as a research 
method that acknowledges and 
Through my research, I come to understand that ‘craft’ is an elusive word as it has multiple meaning 
depending on the context it is used. The Victorian and Albert Museum attempt to answer the question: 
“What is Craft?”325 It gathers a collection of over 15 different interpretations and definitions by leading 
figures in craft from Mark Jones, former director of Victoria and Albert Museum to Rosy Greenless of British 
Craft Council, and Christopher Frayling, rector of Royal College of Art. A few examples are listed below:
If you look up the word ‘craft’ in dictionaries of phrase and fable, the entry will say ‘see freemasonry’. 
That is craft as secret knowledge, locked away in some secret place known only to master-
craftspeople. Although there’s a strong element of tacit knowledge - as distinct from formal 
knowledge - in all craft activity, this is in fact far from a secret form of knowledge, just a very difficult 
one to pin down. Making close contact with materials, technical skills plus imagination, tangible 
results in the form of things, sometimes pushing at the outer limits of function, taking the material for 
a walk. The American Customs & Excise definition of ‘a work of art’ is that the owner must be able 
to prove it is completely useless. Craft work is something else, though it can produce objects for 
contemplation as well as objects for use.
Christopher Frayling, Rector, Royal College of Art
Contemporary craft is about making things. It is an intellectual and physical activity where the maker 
explores the infinite possibilities of materials and processes to produce unique objects. To see craft is 
to enter a world of wonderful things which can be challenging, beautiful, sometimes useful, tactile, 
extraordinary; and to understand and enjoy the energy and care which has gone into their making’
Rosy Greenlees, Director, Crafts Council
I use the word craft as an umbrella term, not as the definition of a separate discipline. I find craft 
difficult when it has an ‘s’ on the end; the crafts imply something clear cut, but it is not. When craft 
is involved with the making of something, be it a pot or a piece of writing, it usually means that the 
process of how and why it has been put together has been well considered, and generally I prefer 
it. Instead of using “that’s cool” people could start saying “that is craft”!
Laurie Britton-Newell; Curator, ‘Out of the ordinary’ exhibition, V&A, November 2007
 
Richard Sennett calls craft ‘a dialogue between concrete practice and thinking’.326 Risatti identifies 
it as technical knowledge and technical skill require to make an actual object come into being327. 
Conceptually, Glenn Adamson gives the clearest definition of craft in my opinion; he writes, ‘Craft is a 
Process ... an approach, an attitude or habit of action. Craft only exist in motion. It is a way of doing things, 
not a classification of objects, institutions, or people.’ 328As Adamson points out in his introduction to The 
Craft Reader, ‘Craft of the hand, which cannot be taught by Words but is only gained by Practice and 
Exercise’.329 
While the definitions of ‘craft’ may differ among authors, there are commonality that I have identified, 
which is useful for us.  In almost all descriptions, the knowledge, the act or process of making is always 
present. The craft person is centred to the description. According to Adamson, Sennett and McCoullogh, 
while the hands play an important role, it should be read as part of the ‘action’ of making so we do not 
just privilege the hands on its own330. Other senses, including the mind and another part of the body, also 
play a role in the making process 331.  When it comes to the effect of craft on the emotional, perception 
and experiential level, that is, the qualitative aspect, this is where most authors tend to differ in their opinion.
values a researcher’s relationship 
with others. Such methodology 
shows ‘people in the process 
of figuring out what to do, how 
to live and the meaning of their 
struggles.’ 319
Background. Defined by Searle 
as ‘a set of non-representational 
mental capacities that enable 
all representing to take place.’ 
He adds, background ‘is simply 
a set of skills, stances, pre-
intentional assumptions and 
presuppositions, practices and 
habits.’320 In psychology, this is 
referred to as the pre-reflective 
background of experience. It 
refers to the fact that in any 
experience there is an explicit, 
first-person awareness of that 
experience321. 
Craft. In this writing, I refer to 
‘craft’ as a material production, 
which is bespoke and original 
in design, with small or limited 
production runs that are typically 
customizable. Pye postulates 
the idea that craft is about 
workmanship and technique322. 
Oxford dictionary defines craft as 
‘an activity involving skill in making 
things by hand.’ With origin from 
Old English cræft ‘strength, skill’, 
of Germanic origin323. Diderot in 
his Encyclopedia defines craft 
as ‘this name is given to any 
profession that requires the use of 
hands and is limited to a certain 
number of mechanical operation 
to produce the piece of work, 
made over and over again’324.
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This dissertation is not about 
craft in architecture, or if 
architecture as a form of craft. 
Instead, it is about learning from 
craft practice and how digital 
fabrication in architecture can 
evoke a new understanding of 
craft in architectural practice. 
To avoid being caught up in an 
unproductive discussion on the 
meaning of craft, in this research, 
we shall understand craft as a 
mode of design innovation and 
production of material through 
mastery of techniques and tools. 
As a noun, I come to understand 
it as a process of making 
something that is embedded 
in the act of making. This is 
underpinned by David Pye’s 
definition of workmanship which 
includes judgement, dexterity 
and care.
Craft Practice. Practice that 
operates in the field of craft or 
with a craft like sensibility. The 
characteristic of craft practice is 
outlined in Section 3.2.2.1 
Crafting. “The activity or hobby 
of making decorative articles by 
hand.”332 This is not relevant to 
this writing.
Constructionist or constructionist 
learning is a model of education 
where the student constructs 
new knowledge through real 
life or real life-like experiments 
such as project-based learning. 
Coined by Seymour Papert, the 
theory emerges out of using the 
computer as a learning device 
using a program like Logo. Papert 
sees physical object central to 
knowledge construction; he 
calls this object “objects-to-
think-with”. In most pedagogical 
model, formal abstraction is 
seen as the ultimate goal of 
knowledge construction. Papert 
and Turkle argued that concrete 
thought could be as advance 
as abstract thoughts333. Here, 
lies the provocation of this 
dissertation: the knowledge 
generating process of making in 
relation to architecture design 
and education.
Continuous Designing. Also 
known as evolutionary or 
emergent design. In computing, 
continuous designing refers to 
the process of refactoring or 
restricting existing computer 
code to improve a program’s 
design continuously334. 
Computer Numeric Controlled 
(CNC). The ability to drive or 
control a device using numeric 
data often read by the device in 
a stream. Data can be output as 
G-code or specific programming 
language readable by the 
device such as processing 
code via an Arduino, RAPID (for 
ABB robotic) or Kuka Robotic 
language (KRL).
Computational Design. Design 
that is generated using 
computing devices, including 
non-computer aided design 
software such as through 
using electronic prototyping 
platform or directly using a visual 
programming language like 
Processing.
Design. Verb, from Latin 
designare meaning ‘to make, 
shape’ or to ‘mark-out, point-
out.’ Noun, from French desseign 
or deseeing meaning ‘a scheme 
or plan in the mind’ or ‘purpose’. 
Design is both problem solving 
and puzzle making of a ‘wicked’ 
problem335. 
Design Intention. It refers to the 
desire of an architect or designer 
over the design process. It can be 
expressed and communicated in 
multiple media and forms from a 
basic sketch to digital model and 
algorithm. In practice, design 
intent often refers to the design 
proposal as required by the 
designer. In building contract, 
drawings labelled as design 
intent (commonly used in Design 
and Build contract) signified the 
requirement to be fulfilled by sub-
contractor or another designer. 
Pye refers to the design intent as 
the ideal and unattainable form 
in the mind of the designer, pp51. 
Design practice, Fry defines 
design practice as “what design 
the designer’s designing.”336
Designing, refer to the act of 
design conducted within a 
broad framework of values, 
expectations, laws and 
precedents that defined the 
role and responsibility of a 
professional designer337. Tony Fry 
suggests that designing is time 
and action based338. 
Descriptive Geometry. A brunch 
of mathematics in which 3D 
shape is projected onto a plane 
surface so spatial problems 
can be analysed graphically339. 
Descriptive geometry 
had developed since the 
Renaissance, but it is Gaspard 
Monge who explicitly outlined its 
function to ‘map’ and ‘teach the 
method for recognising the shape 
of the spatial figures’ thereby 
making it useful to solve 3D space 
through 2D representation and 
address construction340. Mark 
Burry suggests that architectural 
space is not necessarily an 
abstract concept but can 
be fundamentally described 
geometrically.  
Detail. Its etymology is from the 
17th-century French word, ‘détail’ 
and ‘détailler’; dé – separation; 
tailler – to cut. Garcia explains, 
‘a detail is a differentiated, 
discrete, divisible, distinguished 
or separated part, piece, point, 
fragment, individual, element, 
component or section’.341 
While 20th-century architecture 
examines the junctions and the 
joint as an expression of tectonic, 
late 20th and early 21st-century 
architecture examines the 
smooth (seamlessness) and seam 
as the material expression. 
Digital. Daintith and Wright 
define digital as ‘operating by, 
responding to, or otherwise 
concerned with the use of 
digits (i.e. discrete units) to 
represent arithmetic numbers, 
approximations to numbers 
from a continuum, or logical 
expressions/variables.’ The word 
is often used in opposition to 
Analogue. As Downton wrote, 
‘the domain of the analogue is 
continua; the digital is the area 
of the discrete.’ While design 
information in architecture can 
be discretised and express as 
numeric data, the physical 
matter remains in the realm of 
the continua. Here, I highlighted 
the contradiction of the term 
‘digital craft’ as ‘digital’ refers to 
the discretisation of information, 
and ‘craft’ (of the material 
artefact) refers to the continuum 
of action. In this research, I rely 
on system theory to reconcile 
the differences. By viewing the 
material as systems, or bodies, 
I can begin to discuss the 
systemic logic, organisation and 
behaviour as a system which can 
be affected or interrupted by the 
digital, see Material System.
Digital Craft, McCullough makes 
the first reference in his book, 
Abstracting Craft, the practised 
digital hand342. McCullough 
draws parallel and similarity 
between the use of technology 
with traditional craft practice. 
Kolarevic makes a similar 
reference to making using digital 
technology as ‘digital making’343. 
He writes, ‘craft could be 
understood as a set of deliberate 
actions based on continuous, 
iterative experimentation, error, 
and modification that could lead 
in the end to some innovation, 
unexpected, unpredictable 
outcome to be discovered in 
the intertwined processes of 
conception and production’.344
Effects, noun. A change which 
is a result or consequence of an 
action or other cause. The result 
of a cause or another intervening 
variable. In architecture, this 
implies a visual and sensory effect 
on the user through material 
and spatial expression. Elizabeth 
Diller famously in a 2007 TED talk 
described architecture as a 
special effect machine345. 
Electronic Prototyping platform. 
This refers to the microprocessor 
and its associated toolkits, such 
as breadboard, transistors, 
sensors and wiring. The software 
is predominantly open-source 
and utilised programming 
language as the development 
environment. Prototyping is a 
keyword where Maker makes 
and build an object that interacts 
with other objects, people 
and networks346. The common 
practice is to tinker, hack, patch 
and circuit bend hardware to 
create what Bazi called ‘art of 
chance’347.
Embodied Knowledge, refers 
to skill and information that 
our bodies understand and 
remember as a result of sensory 
experience and practice348. 
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Figure G2. Simplified diagram of the 
stages of intention, after E. Pacherie.
Figure G1. Key characteristics of a 
hyperbolic paraboloid.
[A]
[B]
Information. Reichel describes 
information as ‘a pattern 
that influences the formation 
and transformation of other 
patterns’349. Data in the first 
instance only becomes effective 
when placed next to or used 
to work or influence another 
set of data, to become useful 
information.
Formal a prioris. From an earlier 
form that could either mean of 
a form that is already given or 
intuitively deposit within the mind 
of the designer; Schumacher 
calls this the idiom of a style351. 
Also, related to prioris cognition 
or Knowledge a priori; according 
to Immanuel Kant, all prioris 
cognition is transcendental and 
is not based on the content 
of experience; a substance 
that is pure and necessary to 
its existence; a pure intuition352. 
Downton refers to a priori 
knowledge as a concept of the 
rationalist tradition353.
Hyperbolic Paraboloid is the 
quadratic and doubly ruled 
surface given by the Cartesian 
equation354.
H
There are three critical 
characteristics of the hyperbolic 
paraboloid that are critical to this 
dissertation. Firstly, for any ruled 
surface, a single straight line lying 
on that surface will pass through a 
given point resting on that surface 
(see figure G1-A). The straight line 
is referred to as a ruling355. For a 
hyperbolic paraboloid, every 
position on the surface has two 
lines passing through it, making 
it a doubly ruled surface. This 
geometric property makes the 
hyperbolic paraboloid load-
resistant in two directions356, but 
more importantly, the ruling, 
as a straight line or edge, can 
be articulated as a physical 
material, which is useful for the 
fabrication of a mould.
Second, not all ruled surface 
geometries are developable. 
Hyperbolic paraboloids are 
non-developable, as the 
ruling consists of the non-torsal 
generator where the tangent 
plane at any point on the surface 
is different from other locations 
on the surface357. Despite the 
non-developable nature of the 
surface, it is possible to define this 
‘warped ruled surface’ geometry 
by the four corners of the quadric 
surface (see figure G1-A). Third, 
the nature of the geometry 
allows the possibility of joining 
hyperbolic paraboloid panels 
at their edges. A characteristic 
of this second-order geometry, 
as Mark Burry points out, is that 
it can be fragmented into 
individual components which, 
when combined, can still form a 
seamless surface (see figure G1-
B)358. 
I Intention. In psychology, intention is studied in relation 
to actions. Elizabeth Pacherie 
analyses intention as future 
directed intention, present-
directed intentions and motor 
intentions350. The intention occurs 
in stages, translating the idea to 
action. Intent triggers action and 
sustained it until completion. It 
also acts as a monitoring function 
allowing the designer to detect 
and check progress against the 
goal. This model of intention 
suggests that intention is not fixed 
in time and can be evaluated on 
reflection or be subject to other 
pressure (see figure G2).
M
Material. From Latin materia 
meaning ‘matter, stuff, wood, 
timber’. From French materiel 
meaning ‘of or belonging to 
matter’.
Material System. I refer to a 
system of materials, typically with 
a network or interconnected 
relationship. It is composed of 
parts and can be layered, hybrid, 
or composite. The materials act 
in connection with one another 
but are not chemically fused 
like matter; it can be separated 
into its part. All building system 
is typically a material system. 
There are few examples of 
single material structure, even 
an inflatable is composed of air 
and a membrane. As system is 
concerned with the organisation. 
Reisser and Umemoto (R&U) 
suggest that material can self-
organise, similar to an analogue 
computer via external forces 
such as magnetism or gravity. 
Frie Otto’s material experiment 
already exemplified this 
thinking359. R&U rejected the 
Miesian notion that matter 
is formless and regulated by 
geometry360 (see Digital).
Making. The process of making or 
producing something; a noun.361 
The root word for ‘making’ is 
poiein; parent word for poetry362. 
Poiesis is the activity that brings 
something into being that did not 
exist before; meaning ‘to make’.
Model. From middle French 
modelle meaning ‘likeness 
made to scale; architect’s set of 
designs’, or ‘manner, measure’ 
or ‘sense of a thing or person to 
be imitated’363. I used the word 
model, e.g. pedagogical model 
to mean a set of the ideal, 
method or technique from which 
one can measure or imitate 
after; akin to a scientific model. 
 
Methodology, from method, 
noun. From Latin methodus ‘way 
of teaching or going’ from Greek 
methodos ‘scientific inquiry, 
investigation’.
P
Parametric Modelling. Robert 
Woodbury defines parametric 
modelling as ‘”marks”, that is, part 
of the design, relate and change 
together in a coordinated way’.364 
Daniel Davis has provided a 
comprehensive background and 
origin of parametric modelling 
in his PhD thesis, including its 
challenges365. He emphasises 
that parametric modelling is 
not necessarily concerned with 
output ‘but rather the need 
to construct and maintain 
relationship associated with 
the model’.366 In LLDS, we used 
visual scripting in Grasshopper 
3D, a plug-in to McNeel Rhino as 
the main platform to construct 
a parametric model. Workflow 
diagrams illustrated in this 
dissertation are abstracted 
pseudo-algorithm from the visual 
script. 
Performance, noun. The action 
or process of performing a task 
or function367. Performance in 
design is primarily concerned 
with questions of efficiency, 
effectiveness and optimisation. 
Michael Hensel outlines a history 
of Performance in Architecture 
in his book ‘Performance-
oriented Architecture’368. He 
outlines various approaches to 
performance in architecture, 
from representation to form – 
function relationship, and events. 
In this dissertation, performance 
refers to the different design 
criteria that the design must meet. 
It includes daylight, ventilation, 
fire, drainage, acoustic and 
structural requirements that are 
statutory (relevant to Australia), 
as well as other non-statutory 
requirements which are spatial 
and based on the ergonomics of 
the body, such as datum of seats, 
views, and issue concerning 
comfort.
Practice. From French pratiser, 
meaning ‘to do, act’ or ‘too 
follow or employ; to carry on a 
profession’369. Fry defined practice 
as the application of knowledge 
and skill to realise some kind of 
end370. Pierre Boudieu describes 
practice as conditioned by 
F
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habitus of the field, a pre-
figure condition ‘produced by 
the practice of successive 
generations, in conditions of 
existence of a determinate type, 
these schemes of perceptions, 
appreciation, and action, which 
are acquired through practice 
and applied in their practical 
state without acceding to 
explicit representation, function 
as practical operators … tend 
to reproduce themselves in 
practices.’371 In this dissertation, 
the practice of craft or 
architecture exists within a 
pre-figured condition. In craft 
practice, I come to understand 
the conditions as described in 
Section 3.2.2. In architecture, the 
conditions are set out in Chapter 
2 through my community of 
practice.
Practical Demands, I refer to 
the demands on architecture 
practice on a daily bases, from 
gravity enacted on physical 
structure to the contractual 
requirement of a building 
contract, which includes the 
relationship between client, 
contractor and sub-contractors. 
Other practical demands are 
often imposed by the tool we 
deployed on projects. 
Problem setting. Schon describes 
this as ‘a process in which, 
interactively, we name the things 
to which we will attend and 
frame the context in which we 
will attend to them’.372 
Procedure, noun. From French 
procédure, meaning ‘fact 
or manner of proceeding’. 
An established way of doing 
something373. 
Prototype. Proto, from Greek 
prototypos. Protos – first, original. 
Typos – impression, figure, type374. 
Type, a category of people 
or things having common 
characteristics375. Quatremere de 
Quincy introduced the notion of 
type to architecture theory, Sylvia 
Lavin in her thesis suggested the 
historical transformation of type 
where the architecture has a 
historical continuity from its past. 
The word ‘type’ represents not 
so much the image of a thing to 
be copied or perfectly imitated 
as the idea of an element that 
must itself serve as a rule for the 
model376. 
Prototyping. Mark Burry and 
Jane Burry outline how different 
practitioners explore a wide 
range of interpretation of 
prototyping and its purpose 
in architectural practice377. 
Virtual prototyping refers to 
digital simulation that can be 
manipulated in real time378.
Repertoire is defined as a range 
of styles or varieties of a language 
available to or mastered by an 
individual379; the keywords here 
are range and variety. In this 
dissertation, repertoire refers 
to the coupled relationship 
between tools, materials and 
techniques to produce a variable 
set of material outcomes.
Reflection	 in	 action.	 Schon 
defines this as ‘improvisation 
consists of varying, combining 
and recombining a set of figures 
within the schema which bounds 
and gives coherence to the 
performance’.380 
R
Serial Handshake. Data flow 
between devices, sometimes 
called serial interface381. The 
handshake is the communication 
between systems. 
 
System, noun.  A set of 
things working together as 
parts of a mechanism or an 
interconnecting network; a 
complex whole.382 A system is a 
set of objects that effects each 
other within an environment 
and form a larger pattern that is 
different from its part383 or where 
the whole is more than the sum 
of its part384. A closed system is 
where no material enters or leave 
the system or have no interaction 
with its environment. Many of 
the workflow described in this 
dissertation are close system 
deliberately for the integrity of the 
data (see Section 3.4.2). An open 
system is where there is an inflow 
or outflow of information which is 
used to interact with the system’s 
environment. I described my 
practice as an open system (see 
Section 5.1.3).
System theory. A transdisciplinary 
study of an abstract organisation 
that is independent of their 
substance, type or spatial or 
temporal scale of existence385. 
A system composed of four 
components: the object (can 
be abstract or physical); the 
attributes (including quality and 
property); an internal relationship 
to its part or among objects; and 
lastly exist in an environment. L. 
von Bertalanffy, a biologist, first 
developed general system theory 
which is used in interdisciplinary 
S practice including biology, cybernetics and other fields. The study of system theory is 
concerned with the study of 
wholeness of a system through 
organisation. The notion of 
structural coupling, affordances, 
performance, background, 
actor-network theory (ANT) and 
agency are all rooted in system 
theory.
Skill, from poiein in Greek, 
meaning ‘making’386.
Strategy. From French, stratégie 
meaning art of a general, 
and the Greek word stratēgia 
meaning generalship or the skill 
or practice of exercising military 
command387. Strategy is defined 
as an action plan out in advance 
and at a distance from where the 
action takes place. The strategy 
is invested in predictability. The 
strategy is mapped out in space 
and tactic is played out in time. 
For example, Stan Allen proposes 
that map belongs to the world of 
strategy and diagram belongs to 
the world of tactic388. Bourdieu 
makes a distinction between 
strategy and rule. He remarks 
that ‘to substitute strategy for 
the rule is to re-introduce time, 
with its rhythm, its orientation, its 
irreversibility.’389
Structural Coupling. A term used 
in system theory to describe the 
bringing together of two or more 
distinct systems to exert influence 
over one another in a mutual 
manner. ‘Structural coupling 
refers to a pattern of regular 
mutual irritation that allows for 
mutually adaptive evolution.’390 
Servomechanism. An Automatic 
device that uses error-sensing 
negative feedback to correct 
the action of a mechanism. It 
also applies to systems where 
feedback is used to control 
mechanical position; resulting 
in a closed loop system of 
controls391.
Tacit Knowledge vs Explicit 
Knowledge. Explicit Knowledge 
refers to knowledge that can 
be formally learned. Tacit 
knowledge is the conversion of 
information through practice392; 
Downton calls it the knowledge-
how393. This knowledge is often 
discussed as intuitive or instinctive. 
Malafouris describes this intuitive 
phenomenon as when there is 
a loss of agency or loss of self394. 
Nonaka and Konno describe 
tacit knowledge as deeply 
rooted in an individual’s action 
and experience. This includes 
the ideals, values, or emotions 
the author embraced395. 
Tacit knowledge is therefore 
experienced knowledge and is 
therefore different from Kant’s 
Knowledge a priori. However, 
both tacit and explicit knowledge 
are Empirical knowledge396 , and 
the interaction of both lead to 
the creation of new knowledge397
Technology. From the Greek 
word techne meaning “art, 
craft”398 - the study of skill399. 
Technology refers to the means 
of engineering: both study and 
implementation400.
Tool. A tool as primary equipment 
that assists in the making process, 
this includes software and 
hardware. Mould and jigs are 
T
part of the toolset. McCullough 
observes, ‘a tool is a moving 
entity whose use is initiated and 
actively guided by a human 
being, for whom it acts as an 
extension, toward a specific 
purpose’.401
Tooling. In Mechanical 
Engineering, tooling refers to 
any types of cutting tools, dies, 
jigs, and fixtures employed in the 
manufacture of a component402.
Toolpath. A path usually 
composed of a curve or point 
that a tool follows along its 
trajectory.  
Techniques. From Tekhne 
meaning ‘art, skill, craft’403. A 
way of carrying out a particular 
task, specifically, the execution 
or performance of an artistic 
work or scientific procedure404. 
Pye defines technique as ‘the 
knowledge of how to make 
devices and other things out of 
raw material’.405
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Tectonic. From Latin tectonicus 
and from Greek tektonikos, 
meaning to pertain to building. 
From the word Tekton meaning 
‘builder, carpenter, woodworker, 
master in any art’. With root in 
teks meaning ‘to weave’ or 
‘to fabricate’406. Gerard Brown 
describes Tectonic as ‘a form 
produced by the exigencies 
of construction’407. Frampton 
promotes the notion of 
construction craft and suggest 
it as an essential element in 
the development of future 
architectural form408. 
V
W
Workmanship, noun. The degree 
of skill with which a product is 
made409. Pye defines it as, ‘the 
application of technique to 
making, by the exercised of care, 
judgement and dexterity’.410
Workflow,	 noun.	 The sequence 
of industrial, administrative or 
other processes through which 
a piece of work passes from 
initiation to completion411.  
Visual scripting. A visual script 
resembling a flowchart where 
‘component’ or nodal script 
contains parameter input 
and output. The nodal script 
predominantly generates visual 
geometry, numeric data or 
vectors. Designer alters the input 
to the visual script (or definition) 
to change the outcome. Visual 
scripting platform includes 
Grasshopper 3D, Generative 
Components and Houdini412. 
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AS  Australia Standard
ARL   Architectural Research Lab
APT  Automatically Programmed Tools
CAD  computer-aided design
CAADRIA Conference on Computer-Aided Architectural Design Research in Asia
CAM  computer-aided manufacturing
CBD  Central Business District
CNC  Computer Numeric Controlled
CP  Centre Point
DDP  Dongdaemun Plaza  
DIY  Do It Yourself
DRL  Design Research Lab, AA School of Architecture
ETICS  External Thermal Insulation Composite System
EPS  Expanded Polystyrene
FRC  Fibre reinforced concrete
FOA  Foreign Office Architects
IDE   Integrated Development Environment
Table of  
Acronyms
LLDS  Leggett Loh Design Studio. It includes Power to Make as well as  
  Architectural Research Lab.
MDF  Medium-density fibreboard
MJP  MacCormac Jamieson Prichard Architects
NC  Numeric Controlled
PAM  Parametric Adjustable Mould
PET  Polyethylene terephthalate
PIP  print-in place
PIR  Polyisocyanurate foam
PVA  Poly(vinyl alcohol) glue
RMIT  Royal Melbourne Institute of Technology University
RTV  Room-Temperature-Vulcanizing
SPF   Sprayed polyurethane foam
MIT  Massachusetts Institute of Technology
US/USA  United State of America
UK  United Kingdom
VR  Virtual Reality
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1.0 Textile Cafe
The Textile Cafe was a temporary installation for Denfair. The 
team was given 8 weeks from briefing to installation (see figure 
A1). The design consisted of 2000 metres of 32x32 charred 
red ironbark timber battens arranged in a grid format which 
formed two seating areas on either side of a café server. The 
interior of each seating area was a suspend timber chandelier 
shrouded from view by a linear row of Shibori-dyed fabric to 
create privacy in the busy tradeshow. The chandelier was 
formed using a series of hanging timber batten with exposed 
end grain. This contrasted against the charred black timber 
to create an illusion of ‘pixelated’ interior lit by black smoked 
glass pendants. The project cleverly used standard timber 
batten to articulate multiple functions from privacy screens to 
the roof and chandelier structure. It created a seamless interior 
experience that was luxurious, private and mysterious. The 
structure was pre-assembled and installed in under 8 hours at 
the exhibition venue (see figure A1.1).
The design utilised standard timber section to minimised 
variation from the timber supplier. This meant that the timber 
could be charred with consistency throughout the project. We 
shifted the complexity of the structure to the cutting lengths, in 
particular, the hanging batten to form the chandelier. Using a 
custom digital script, we generated the cut length and angle of 
all the timber battens for cutting. This reduced the complexity 
in the cutting process and aided the assembly sequence as 
every piece of timber was indexed to a particular construction 
sequence.
A. Project 
Description
Figure A1. Top, procurement method 
of Textile Cafe. We designed and 
fabricated the structure to exercise 
autonomy over techniques and 
material. Bottom, construction 
sequence of the cafe structure.
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2.0 Wakeford Hall 
Below is the project description for the competition entry.  I have  
re-captured the writing here as it outlines the strategic consideration 
of the project. 
How to read this project: Un-Designing Strategy
The panels present a set of strategies that build-up the meta-
design of Wakeford Hall. That is to say, we are designing the 
project through setting out a series of technological and 
architectural infrastructure (an agenda) which in turn provides 
a framework for students of Design and Make to explore and 
ultimately execute. The final resolution of the building is yet to 
be defined and the design illustrated is but one instance of 
this meta-design process. 
While recognising the strong pedagogical model of 
Design and Make (D&M), this project invites students of 
D&M to ‘un-design’ the building and return to examine 
the ‘anatomy’ of design processes through making. 
This is formulated through a deep understanding of 
the intimate relationships between tools, material and 
techniques. How do we think through making in practice? 
Concept: Technological and Ecological permeability
Through the Hooke Park implementation plan 2014, the 
pedagogical ambition is clearly tied with the master planning 
of the site. What is implicit is not just the need for more buildings 
to accommodate increased activities in Hooke Park, but the 
construction of a village within a highly choreograph nature 
setting; we see the experimezntations already taken place in 
Hooke Park as a series of projects that tested technological 
intervention on nature to create artificial construct. 
We proposed a slight twist; suggesting a technological and 
ecological permeability into the architecture of Wakeford 
Hall; refer to massing and phasing strategies. The building is 
constructed in 3 phases to coincide with D&M cohorts: the 
Ground, the Roof and the Enclosure (see figure 2.14). The 
Figure A2. Devising strategies as 
design methodology
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question on how we think through making in practice. The 
repertoire is akin to traditional craft practice where a set 
or bandwidth of tools and techniques can be deployed to 
produce a wide range of variation of products. Tools can 
be adjusted, hacked and invented to support continuous 
designing of Hooke Park; through this and future projects.
Summary
Through implementing strategies in making and tactics on the 
site level, this project calls for a continuous designing of Hooke 
Park through technological and ecological permeability. 
Wakeford Hall is an instance of the continuous design that 
provides ground for experimentation from within the design 
process; instead of technology on nature, we suggest seeing 
both systems as concurrent design issues with architecture as a 
meeting point of its resolution.
architecture component of each stage allows a clear spatial, 
structural and programmatic reading. Each phase allows 
specific building programme to be established. In this way, the 
occupation of the building and construction of the building 
can be concurrent; within CDM and building programme 
constraints. 
 
Massing Strategy
The massing strategy is devised through two tactics (see figure 
A2.1).
The first tactic is to identify Wakeford Hall as the pivotal massing 
centre to Hooke Park’s ‘village’. Wakeford Hall is strategically 
positioned as a threshold into the accommodation village 
veiled by the layers of green ‘fingers’. We devised a series of 
connection lines (as circulation and visual connections) across 
the site to split the massing. The massing contains programmes 
that are intimate (library, office, WC and reception). The void 
and the ground becomes the hall. This positions the hall centre 
to the massing facing the accommodation village; it becomes 
a place to pass, to stop, to linger and to gather.
The second tactic recognises nature as part of the contextual 
choreography. We propose to extend the green ‘finger’ over 
Wakeford Hall; acting as covering, as an envelope, as the roof. 
Inversely, this allows us to frame the landscape as part of the 
interior of Wakeford Hall. The building is permeable to nature 
and vice versa.
Phasing Strategy
At each of the construction phases, we identify material and 
technological processes (as tools) to sketch out the proposal. 
The specificity of the form is loose, but the precision is implicit 
in the material logic and organisation; for example, (see figure 
2.14, 1.2) placing cut logs side by side to perform ruled surface 
geometry which in turns become an extension of the landscape 
into the interior. The assumed geometry will never be perfect in 
reality depending on the logs used; an implicit process to un-
designing the proposal.
We suggest a repertoire of timber technology and techniques 
throughout the phases with the aim to return to our initial 
Figure A2.1. Massing tactics of 
Wakeford Hall.
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3.0 PAM
In 2016, David Leggett and I initiated this research project. The 
project was awarded the Brookfield Multiplex Award in May 
2016. I am the Chief Investigator413. Subsequent seed funding 
from the University of Melbourne was awarded in 2017 to 
complete a cladding prototype, refer to figure 3.36. Daniel 
Prohasky joined the team in June 2017. A provisional patent 
(Australian provisional patent application no 2018900292) 
titled, “a variable shaping form” was filed on 30th January 2018 
and was progressed to the Patent Cooperation Treaty phase 
at the time of writing this dissertation. The patent covers the 
adjustable mould frame and the methods from the geometric 
translation of the virtual panel to mould positioning. Figure A3 
shows the various stage of development of PAM project.
The overall intention is for this new tool to become part of the 
practice design repertoire, especially having observed a similar 
tendency in the craft practices I have interviewed. My aim is 
two folds. Firstly, to make a new tool that is outside the capacity 
of the existing CNC machinery available to my practice. The 
second is to construct a feedback loop to test emerging design 
through tool making, in a sense, a search for affordances. 
Figure A3.1. Flexible mould design 
by Renzo Piano from the exhibition 
catalogue titled Architecture 
Experiment at the Architectural 
Association, June 23 to July 5, 1969.423
Figure A3. Execution of research 
project. The percentage indicates 
the level of contribution to the project 
by myself and my collaborators.
Historical precedent for the variable mould design 
Variable parametric moulds have been of research interest in 
recent years, and a few systems have been put to the test in 
practice414, including earlier work by Renzo Piano for free form 
plastic panels (see figure A3.1). Most variable mould designs are 
based on single-direction multi-point stretch-forming processes, 
where actuated pins or armatures define the surface curvature 
415. There are also other techniques such as incremental sheet 
forming and flexible roll bending, some of which are still under 
development416. Other researchers have looked towards 
deformation processes using robotic manipulator arms417. 
While there is little, or no tooling involved, the time to produce 
individual surfaces adds to the manufacturing time and cost. 
Research developed out of Denmark has brought Adapa to the 
market; Adapa was established in 2010 and utilised a multipoint 
system for manufacturing double-curved panels. The company 
has launched three different sized machines, aimed at medium 
to low production for small to medium size manufacturers. 
The key advantage of the transformative procedure used in 
PAM is that once the tooling is established, multiple panels or 
components can be produced efficiently from the same toolset. 
Lee and Kim418 outlined several advantages of this procedure, 
including speed of manufacture and low production cost 
even for short runs, as demonstrated in the DDP by Zaha Hadid 
Architects. This building project consists of over 16,000sq metres 
of double-curve metal cladding surface. Utilising a combination 
of multipoint forming machines and robotic arm laser cutters 
as demonstrated in Figure A3.2, the cost of individual doubly 
curved panel is reduced from USD$7000 to USD$260419.
Cost implication and waste
The cost has always been the primary constraint in building 
projects with complex geometry, especially those with 
double curvature surfaces, as the tooling process behind the 
manufacture of such surfaces is often costly for a one-off project. 
The main tooling cost is the preparation and manufacture 
of moulds to adequately control the surface deformation of 
material into the precise form. Both subtractive (CNC milling) 
and additive (3D printing) procedures for producing double-
curved surfaces can often only produce one-off surfaces. In 
addition to inhibitive costs, current techniques often produce 
[Copyright material omitted]
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a considerable amount of waste. The Spencer Dock Bridge 
in Dublin, Ireland is a case study that deployed CNC milling 
techniques420. The formwork for the undulated doubly curved 
soffit to the bridge was constructed from CNC milled polystyrene 
(EPS) block sprayed with polyuria. Once the concrete was 
cured, the formwork was removed and discarded.
In response to the waste produced from such construction 
techniques, the Irish-Australian based construction company 
Laing O’Rourke has developed robotic 3D printed re-usable wax 
moulds called FreeFAB, using an additive procedure to eliminate 
waste for pre-cast concrete and glass reinforced concrete 
(GRC) production421. PAM shares similar waste concerns to the 
FreeFAB project. The advantage of our invention over FreeFAB 
is that it eliminates the need for individual moulds, thereby 
reducing the set-up time for manufacturing. The downside 
of PAM is that, like most machinery, the scale of the panels is 
limited by the scale of the machine. FreeFab manufacturing 
system is similar to a patent technique developed at the ETH, 
Zurich422.
These emerging projects and patents demonstrate an industry-
led demand for innovative solutions to real construction 
problems faced by the industry. The fast pace development 
of novel technologies in the concrete manufacturing industry 
outlined the potential commercial value and relevance of 
PAM to the construction industry.
Limits of the current design
The configuration of PAM2 can produce concrete panels up 
to 850mm x 850mm; the thickness can range from 9mm to 
50mm. Figure A3.3 shows the limits of the current design. Any 
asymmetrical panels are trimmed down to surfaces based 
on rhombi. Though, it is theoretically possible to panelise any 
doubly curved form with quadrilateral panels of equal edge 
length using the spherical intersection method discussed in 
Figure 3.23. The limitations of panel curvature and skew are 
due to the current physical limits of the gimbal joints located 
at the vertexes of the frame. There is still room to increase 
the curvature limits; however, the following figure A3.3 (left) 
indicates the current curvature constraints. 
Numerically	controlled	workflow	
The digital workflow can be analysed in two stages: (1) surface 
panelisation and deconstruction of the geometry; (2) translation 
of data and exchange of data to the stepper motors. The 
workflow diagram (see figure 3.25) demonstrates the workflow 
in translating the digital form into the panel using PAM. 
Figure A3.2. Multipoint system for the 
curved metal panel for DDP, image 
from Lee & Kim (2012)
Figure A3.3. Diagram showing the 
limits of the current machine. 
[Copyright material omitted]
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Surface panelisation
The workflow starts with the panelisation of a double-curved 
surface using a visual script that implements the logic set out 
in Design Methodology (figure 3.23 & 3.24). Python is used to 
repeat the logic, and to update and store the coordinates of 
each vertex of each panel. As the script progressively creates 
panels over the surface, the new panels will use the set of 
vertices as starting points to ensure continuity in the panelling 
of the surface. 
Data exchange
Serial communication protocols with a modified standard 
G-code command list are used as a common language 
across the McNeel Rhinoceros - Grasshopper 3D (GHPython), 
Processing 3 (java) and ArduinoTM (C/C++) code. The 
geometric parameters (four vertices) are extracted from each 
panel and translated into coordinates used to position the 
set of linear actuators within the grasshopper environment; 
a G-code file is written which lists panel ID, alpha, and beta. 
The G-code is loaded into Processing; time-based actions are 
controlled within this platform, e.g. homing; motion checking 
and manual adjustments; panel deformation. The ArduinoTM 
code translates the required linear motion into rotational 
motor actions, and responds to clash detection sensors. 
Outcome:	Verification	and	Future	Research
The resulting panels from PAM1 and PAM2 are digitally scanned 
using an Artec Eva 3D scanner with +/- 0.02mm accuracy and 
a global registration error of 0 to 0.3mm. The digitalised panel 
Figure A3.4. Verification of result from 
PAM1
Figure A3.5. The verification process 
of the scanned concrete panel 
against the digital surface 
Table 1, shows the results of the three 
test panels from PAM2.
286
is overlaid on the original digital surface to check for accuracy 
at 1369 evenly distributed points across the surface. A custom 
script is written to measure the discrepancy between the 
scanned and digital surfaces. 
Three test panels using PAM1 from the same virtual surface are 
tested. Figure A3.4 shows the resulting deviation of the scan 
from the virtual surface as the best-case scenario. The cross-
section deviation ranges from 1.4mm to 52.8mm; across the 
entire surface the maximum deviation is 52.8mm, and minimum 
deviation is 0.17mm. 
From PAM2, three test panels with different beta angles were 
tested. Figure A3.5 shows the resulting deviation of the scan 
from the digital surface from test panel 01 where Skew = 1, 
Beta = -15. The cross-section deviation ranged from -3.36mm 
to 2.59mm; across the entire surface the maximum deviations 
were -3.56mm to 3.52mm. For a panel with similar skew but with 
Beta = -20, we started to see a more significant cross-section 
deviation of -4.14mm to 4.73mm and surface deviation of 
-4.59mm to 4.65mm (see table 1). With greater beta value, the 
profile of the panel increases which results in an above average 
deviation observed. This is caused by the increased spacing of 
the ruling as the Beta angle increases. To reduce the deviation, 
the machine will need to have a smaller spacing between the 
ruling rods.
The thicker profile causes the above average deviation 
observed in Panel 3. This is because of the increased spacing 
of the ruling as the Beta angle increases; by decreasing the 
spacing between the steel rods, the deviation margin could be 
further reduced.
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Figure A4. Procurement of House 
#13. Diagram highlights specific 
construction packages that were 
removed from the main construction 
contract. This allowed LLDS / PTM to 
take control over the manufacturing 
and detailing of these packages.
4.0 House #13 (Zinc Houses)
The development was for a client with a family of two children 
who occupied the main five-bedroom dwelling with a three-
bedroom rear house used to fund the construction. The brief was 
to design a family home with additional room for growth and 
visitors. The kitchen forms the centre hub of the house. The rear 
house is leased out to friends to maintain a close community. 
Responding to the design brief, we created a cluster of zinc-
clad rooms which is raised above a continuous brick plinth. 
The zinc volumes are carefully composed, so they appear to 
intersect with one another at various height, producing a series 
of powerful silhouette against the skyline that breaks down 
the massing of the development to create a more intimate 
scale that fit in with the context. The organisation of volumes 
establishes a series of courtyards which brings daylight into the 
dwelling and allows for natural cross ventilation to both dwellings. 
High-level north light brings diffuse light into the bedrooms and 
allows hot summer air to be naturally ventilated. The front yard 
is an open lawn that welcomes visitors and neighbour. Here, 
the brick plinth is elevated to reveal an entrance to the house 
(see figure 1.07 [D]).
The interior of House #13 utilised timber joinery as partitions 
and means to organise the everyday living. Timber is used 
as the primary design interface where the hand touches 
the architecture. We choose to use Victorian ash as a warm 
material that engages with the hand. The design plays with 
volume which is geometrically faceted in the localised area. For 
example, the handrail on the glass balustrade is geometrically 
articulated so when the hand glides over it as one feels the 
subtle transition of the geometry. Visually, the delicate handrail 
floats above the staircase to give a sense of lightness while the 
base resembles a solid chunk of cut timber. In the rear dwelling, 
the stairs form the centrepiece of the house; the Victorian ash 
handrail is seamlessly integrated with the balustrade to create 
a smooth transition as the stairs wind upward.
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The feature wall leads guests from the front entrance to the 
heart of the house. The panelised wall conceals the secret door 
to the garage and wraps around to forms the kitchen joinery. 
A timber-lined roof light forms a crystalline opening to the 
roof, bringing natural daylight to the work surface (see figure 
2.38C). Upstairs in the bedroom, laminate plywood panels form 
full height wardrobe which acts as a partitioning device to 
separate the two teenage boys’ bedroom. Here we found an 
opportunity to provide a secret ‘tree house’ in the wardrobe; 
double up as a secret sleepover compartment.
The edges and corners in the design become a critical moment 
for us to articulate inhabitation; from the exterior cladding to the 
crafting of the interior joinery and handrail. We worked closely 
with the builder and utilised our in-house digital manufacturing 
facility to fabricates all the internal joinery and vanity units 
including the CorianTM solid worktop (see figure A4.1). The 
joinery detail articulates around edges and corner; brings in 
the language of the zinc volume. All the joinery is computer 
numerically controlled (CNC) milled to produce a precise 
and highly crafted interior. The project demonstrated how 
the use of advanced manufacturing technology could blend 
craft seamlessly into a domestic interior; producing a piece of 
architecture that is intimate and at the same time intricate.
Figure A4.1. CorianTM worktop by PTM.
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Figure A5. Procurement of House #05. 
Diagram illustrates the systematic 
shift of construction packages from 
the main construction contract to 
the manufacturing scope of LLDS 
/ PTM. Early engagement with 
specialist knowledge enabled the 
roof structure to be designed and 
manufactured by PTM.
5.0 House #05
The House #05 is a single dwelling located in the inner suburb of 
Melbourne. Conceptually, the house is an elevated ‘plant pot’ 
supported by the two flank walls. By elevating the garden 8 
meters above the ground, it can receive natural daylight that is 
not overshadowed by neighbouring buildings. The void below 
forms the dwelling with three sets of stairs interconnected the 
various levels together. The ‘plant pot’ is a timber waffled 
structure held in place by the in-situ concrete walls. The walls 
are anchored to the ground forming a 3-meter deep concrete 
plinth which houses the most private spaces, i.e., the snug, the 
bedrooms, utilities and bathroom. 
The reason to use timber for the waffled structure roof and more 
specifically, sheets component like plywood is because it is 
within Power to Make manufacturing capability to CNC cut all 
the components. This will allow the practice to tap into a set of 
knowledge that is retained in practice (although, we have never 
fabricated structural members using plywood before). We see 
this as an opportunity to gain control over the manufacturing 
process and to attract unnecessary contractor’s prelim as a 
client supply item. 
Figure A5 illustrates the procurement of the project. Several 
packages are designed so they can be directly fabricated 
by Power to Make, for example, the plywood timber roof and 
mould for the in-situ concrete. The diagram highlights how 
we contractually compartmentalised “knowledge” in digital 
fabrication to make the project ‘easier’ for the contractors. 
At the time of writing, Melbourne is going through a phase of 
boom in the construction industry and some contractor would 
either avoid complicated project or price it out.  
Bollinger + Grohmann (B+G) is the engineer for the project. 
After months of negotiation with the B+G, the structure frame 
remains unresolved because the engineer would only certify 
LVL for the structure. The package is separated out and 
assigned to Timber Engineering to pursue the ambition to use 
structural plywood as the primary structural members.
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1. House #05, 1:50 scale spatial model
2. House #05, 1:25 scale roof study model
3.	House	#05,	1:25	scale	soffit	plaster	cast
4. House #05, 1:25 scale bedroom 3d printed model
5. House #05, 1:10 scale timber stair prototype
6. House #05, 1:1 scale roof beam prototype
7. House #05, 1:1 scale concrete experiment
8. House #05, 1:1 scale concrete mould 
9. House #13, handrail prototype
10. NGV 2019 Competition, 1:25 scale model
11. NGV 2018 Competition, 1:10 scale model
12. Wakeford Hall, 1:100 scale model
13. PAM, study model, NTS
14. PAM, trimmed skew panel
15. PAM, frame to 1:1 prototype
16. PAM, 1:1 scale 3d printed universal joint
17. Stamp Chair, 1:1 scale thermoformed seat 
18. Suncheon Art Platform, 1:100 scale competition model
19. Lily table, 1:1 scale robotic milled prototype
20. Robot cell at ARL
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B. Craft Interviews
Semi - structured Interview
Sample Questions:
Below are sample questions for the semi-structured interview organized in themes. Follow-on questions may differ 
depending on the trajectory of conversation with the interviewee and his/her area of expertise.
On Techniques
Q1.0 When did you start your practice and how did you become involved?
Q1.1 Tell me about your practice?
Q1.2 How did you develop your technique? Or Has your design technique develops over time?
Q1.3 Do you design your projects with a particular technique in mind? 
On Craft
Q2.0 In your opinion (or in your practice), what is Craft? Or how would you define craft?
Or
Q2.2 Do you think architecture is a form of craft practice? How would you define it? In what way it is a form of craft?
Q2.3 Can you give me an example? Or Can you give me an example through your own work? 
On tool (For practitioner only)
Q3.0 Tell me, how important is the tools you used in your practice? 
Q3.2 Do you think the tools you use, defined your practice? Or perhaps it’s more of the process or thinking behind it?
Q3.3 Do you invent your own tools, jig or mould?
Or
Q3.4 Do you use or engage with craft practice/s in your project? Can you give me an example? 
Q3.5 Does a particular craft practice influence the way you design? Can you give me an example? 
On Material
Q4.0 Do you think material is an important aspect of your practice?
Q4.1 Will your practice changes if it’s using a different material?
Q4.2 How does material or material system influence your design or design thinking?
On Digital
Q5A. Does your work involve the use of digital tools or machinery? 
Q5B.1 Do you think it has change your practice? 
Q5C.The use of digital technology is prevalent in your work. So, do you think it make your work digital? Or do you think 
technology are merely a tool or mean to an end?
On Future practice
While we have touch on the topic of craft and digital technology, 
Q6.0 What is your opinion on the relationship between the two? 
Q6.1 Lastly, what do you see as the future of your practice?
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Brendan Dwyer
Semi-structured Interview 
Interviewee: Brendan Dwyer (BD)
Conducted by: Paul Loh (PL)
Location: Nicholas Building, Swanston Street, Melbourne
Date: Thursday 12th March 2015
Time: 6pm
Length: 36min
PL Thank you Brendan for your 
time. Just a few questions on the 
topic of craft. Can you tell me how 
do you started making shoes?
BD Em, I first started making 
shoe when I dropped out of a 
computing degree in Swinburne 
26 years ago and started to get 
involved in the fashion scene. Started 
to do accessories and things and in 
the end, I specialised in shoe. Just 
because of the uniqueness of it and 
the difficulties of it as well. 
PL What is the process of 
learning shoe-making? Is it more 
of an apprenticeship and master 
relationship?
BD Traditionally, it is an 
apprenticeship - master relationship. 
I have intern coming through here 
that might spend up to a year part-
time, but that is as far as it goes for 
me. I don’t have any long-term 
apprentices. In Australia, most of the 
people do a variety of shoe courses, 
either an entry level 1 or 18 months 
one for training. Once they come 
out from that, I guess they establish a 
business or find a job to learn more. 
I mean it usually takes 5 to 10 years 
to be really good at shoe-making 
usually, and I mean really good at it. 
And a lifetime to get excellent at it.
PL That’s really passing and 
learning the tacit knowledge of 
making?
BD The catch is it does not 
matter where someone trained or 
learned, whoever they are with can’t 
tell them everything they need to 
know to establish their own craft. 
They cannot possibly emulate what 
the person taught them and enabled 
them to kind of do their own thing. 
Everyone make shoes a little bit 
differently - stylistically and physically 
as well, everyone has their little thing 
– there are many different ways to 
make shoes. 
PL And technique wise, do you 
develop your own technique?
BD I have developed my own 
methodology. I have to learn my 
own pattern and design technique 
as nobody really taught me those 
things. People taught me how to 
make the shoe physically but not 
how to design them.
PL So, when you first learn 
pattern making do you have to veer 
off to look at dressmaking to see how 
they do it, or it is a craft that is already 
…
BD It’s a different craft because 
shoes get stretched into shape once 
it is made. So, there is a lead way to 
stretching material; effectively the 
forming of the object from 2d to 3d 
physically. Where in dressmaking, 
what you make is what you make.
PL Tell me more about the 
patterning process…
BD If I am starting a new 
pattern; I will find the shoe lasts; 
given that this is a bespoke business, 
and every pair is to fit a customer 
generally. I will establish which lasts to 
use from my huge collection I have; 
toe shape and heel height. I wrap 
it in masking tape, and then I take 
the masking tape off it, and I have 
mapped the surface. And from there 
I can start the design process, either 
by working on the paper or directly 
on the masking tape form. So the 
more pattern pieces I have involves, 
the more I have to think about which 
pieces will overlay, which pieces to 
flatten out and which parts to stay 
the seam. And you know, to match 
up with the functionality of the shoe 
as well
PL I presume this technique 
become much more fluent over time, 
and through practice?
BD Yes, I teach shoe-making at 
the CA locally, and one of the other 
people teaching there watch me 
teach a class, so she can teach some 
courses herself. As she was watching 
me pattern making upside down to 
the students so I don’t have to lean 
over the paper. Pattern making 
upside down is easy especially for a 
simple pattern, but they are pattern 
that I only use once.
PL How do you deal with the 
morphology of the feet which varies 
?
BD Sometimes it can be 
graded up to size, sometimes it is not 
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possible to be graded up to size. It is 
not just about the pattern. It is about 
the shoe lasts because the pattern 
has a grading morphology going 
on with them to suit the human foot. 
This means that when you grade 
more than 3 sizes, you can get into 
trouble; because they might all 
have standardised heal height so 
as the shoe get bigger, the heal 
height does not get bigger, and the 
pattern begins to morph if you can 
understand.
PL In a sense the pattern 
stretches?
BD Yes, so you nearly always 
start with a shoe lasts and you can get 
a shoe lasts and get the difference 
between the two and grade the 
pattern from there, but I don’t often. 
There is only a couple of shoes that I 
have complete graded set because 
I make a lot of them.
PL Tell me in your opinion, 
what is craft?
BD Er, I guess craft is a more 
hands-on methodology, in the 
creation of the object. I guess, that 
will deny the idea of manufacturing 
versus a manufactory, which is an 
old model before the machine got 
involves where each person in the 
workshop will make the complete 
shoes. Where in a factory, each 
person will make a part of a shoe. 
There are old shoemakers out there 
that can’t actually make the whole 
shoe. They have only ever work in 
part of the shoe in the factory while 
I can make the entire shoe.
PL In that sense, your craft is 
about having a complete skill set?
BD Yes, a bespoke shoemaker, 
the French cordwainer, in theory, is 
someone who can go through the 
step and take it to completion.
PL In a sense it’s the range of 
repertoire, from the start to the end 
of the making process?
BD Yes, that’s not necessary so, 
because there is others that do not do 
so. They are also amazing craftsman. 
They work within a workshop among 
other craftsmen 
In its purest sense, I guess if you are 
asking: what is art and what is craft? I 
will say the difference is the function. 
A craftsperson is simply a definition 
of someone who has achieved a 
standard by some definition. I have 
80-year-old women coming here and 
look at me and think that I am not old 
enough to be a shoemaker. Because 
I look young, I don’t look old enough 
to be a shoemaker to them. Defining a 
craftsperson, I guess is someone who 
can produce the object from start to 
finish to create a pure form that they 
are happy with. The truth is, no craft 
man is ever completely happy with 
what they make, because, through 
the making process, you see all the 
thing you do wrong. 
PL Right, and by that nature, 
you are hitting that level, well I guess 
one would call it craftsmanship
BD yes
PL Because if you are satisfied, 
then you must as well leave all the 
tool and not do it
BD The thing is, it is not merely 
replicating object. Like there is a craft 
in making a model, is slip casting 
craftsmanship? Or is making the 
model the craftsmanship? Because 
slip casting is a replication of an 
object
PL This led us to the idea of 
tools. I just saw on your table that 
there is a lot of jig and pattern. We 
already discuss pattern… do you 
physically make tool? Do you invent 
your own tools?
BD I modify tools to suit, I don’t 
make them. There are not that many 
shoe-making tools in the world. And 
the main tools I use are shoe-making 
knives.
PL Can you show me?
BD This is technically a skiving 
knife, I use it as a multiple purpose 
knife. Very convenient for cutting 
using just the point and useful for 
skiving, which is to thin down the 
material. By hand, it is all done with 
a knife like this, and if I was to use 
heavier leather, I have to do a lot 
of cutting. I have an electric knife 
for that. And if I have a lot of skiving, 
I use an electric one. It depends 
on the quantity of work I do. The 
majority of work I do, I probably use 
the same 5 or 6 shoemaking tools. 
A couple of knives, a couple of 
different hammers, and plier which is 
used to stretch leather. You can be 
transplanting to any workshop, all the 
way back to the 13th century or any 
language culturally and people will 
know how to use these tool because 
they are very defined tools. 
PL I guess that’s the nice thing 
about making is that the tool ... 
correct me if I am wrong, set the tone 
of your craft?
BD They do, when I first started, 
I started thinking some of this are a 
really nice tool to use, and I met much 
finer tools, precision Swedish plier and 
which make English plier looks like 
rubbish. Right tools make the craft 
a pleasure to practice in some way. 
Tool has changed over the years 
as well. For instance, the knife has 
changed, there used to be a huge 
variety of knife with different shape 
and point and forms. Now they are 
less available, they are getting back 
to the simplified form, and lasting 
plier has changed because it has 
gone from hand lasting to machine 
lasting where the lasting plier is used 
to correct a little bit of imperfection 
PL Lasting is the process you 
just show me?
BD No, lasting is the process…
well once you go through the process 
of cutting and skiving, the lasting 
process is where the leather is stretch 
around the form, using pliers. So, these 
pliers come in huge ranges and form, 
these are an old French one, Swedish, 
here English one as well. These tools 
are basically used for stretching and 
manipulating the leather the whole 
way around the shoe. The object is 
to remove as much of the natural 
stretch as you can so it can take its 
3d form in the moulding process. That 
happens best with veg tan leather 
because they are more malleable 
with a bit of water. Once it lasts, it has 
gone from 2d to 3d through a heavy 
moulding process. This will take shape 
forever. If all the stretch is taken out, it 
is about balance. Obviously, there is 
a machine that does that now which 
will do it all in one hit.    
PL And you choose to do 
it by hand so you have a closer 
relationship with the material?
BD A little and it’s more the 
pleasure, part of making the shoe. 
The lasting is where all the pattern 
starts to look like a real shoe. After 
that, is just hard work. Most of the 
tools I used are traditional tools. 
They are nearly all second hand, the 
only things I buy new are knives and 
scissors as they are shaper blades. The 
other tools I use are channelling tool 
which is expensive, but I can buy this 
Indian shoemaker knife for $2.5 and 
spend an hour or two marking about 
and make my own channelling tool. 
It’s not about money saving as it cost 
me as long to make it as to buy it. 
PL When you modified it, 
do you modify it to suit your way of 
working? 
BD I work left and right hand. 
But you can only buy right hand one 
on the market this day. 
PL So it is a very close 
relationship to you as a maker?
BD I just do it because I can. 
Jeweller always makes their own 
tools. Blacksmith sometime makes 
their own because of it’s a specialist 
job. It is rare you will modify shoe-
making tools. The object of the 
game is to keep the knife as sharp as 
possible and not to damage the tool. 
But I don’t make many specialise tool 
at all. But I have changed the tools I 
use, I do find some tools better than 
others even though they look the 
same.
PL Seems that you work mainly 
in leather, is that right? Do you work 
with fabric as well?
BD I use textile a little bit but 
mainly leather. The material employs 
a different methodology because 
fabrics are so fragile. Maybe once or 
twice a year, I make a pair of satin 
wedding shoes, but that is it. This is the 
hardest to make, as I am so brute with 
my hand with the plier.  So its all about 
delicacy and keeping everything 
clean.
PL Clearly material is a critical 
aspect of your work. When you 
change material, like from leather to 
satin, does it changes the way you 
practice? The way you make?
BD It does change the practice 
a little bit. The leather is the ideal 
material just because it is structured, it 
is like toughen felt, and it can stretch 
and moves a little bit. It’s fibrous and 
semi-permeable membrane all in 
one hit. 
PL Does it has a direction?
BD It does. Depending where 
you cut from the hide, what happens 
with the animal at those parts, 
for instance, you cut leather from 
around the leg, it’s very stretchy. 
If you cut from the belly, it’s very 
stretchy. If it’s from the back or necks 
its obviously not so stretchy.  So as 
much as possible, I cut matching 
pattern to optimise the stretch for the 
different part of the shoe. If you have 
the whole hide in front of you and 
you can tell where the stretch is going 
to be. If you can’t, you can physically 
measure it with your hand. 
PL I see, stretching it with your 
hand.
BD Ya, as an extreme example, 
glove maker, I have made a pair of 
glove last year for a project; I have 
not make a pair of glove for over 
20 years. But glove maker work with 
very stretchy leather, they stretch 
the leather as much as they can 
so there is no longer any left, so at 
maximum stretch. And then they cut 
their pattern, they cannot allow any 
stretch in the final product. 
PL Would that not make 
the patterning process even more 
difficult
BD That is why not many people 
make hand make leather gloves. 
Because you are dealing with a flat 
pattern, it’s just that you are presented 
with a flat hide. If you stretch the hide, 
it becomes all wavy again to fit the 
animal. Right, it already flattens in 
the process, so they need to take it 
back to the original and stretching as 
much as possible, and then they cut. 
If not, then the finger will stretch the 
glove. So you have to consider the 
material a lot, I have to consider the 
different leather I work with. Cowhide 
has some stretch, snakeskin often has 
a lot of stretch, and kangaroo usually 
has no stretch. What you cut is what 
you get. So you have to be very 
careful with your pattern cutting. 
PL Just in terms of technology. 
We talk about machinery as merely a 
labour saving device?
BD Yes, I don’t use technology 
for shoe-making. I have not found 
a way, with pattern cutting paper. 
To me, it will only be useful to grade 
pattern. And I can do that with 
photocopier now with independent 
X – Y axis. And outside of that, I have 
a friend that print out a digital shoe 
lasts for me just to have a look. It’s a 
feasible format, you know if I want to 
travel and work overseas for a few 
months. I can take an STL of one of 
my shoe lasts and get it printed on the 
other side and has a workable shoe 
lasts. It will make my collection of 
shoe lasts portable in some way. But 
then you have the problem of storing 
the printed shoe lasts. The storage 
becomes such a problem with an 
object like that. I had played with 
and downloaded a few freeware 
shoes last on the internet, and they 
look like they work. They are easy to 
print and scale and all those things
PL Would you ever evolve your 
practice into that aspect?
BD I have considered that just 
as a reduction of shoe lasts, all being 
able to produce, at the moment I 
might just have an industry standard 
set of shoe lasts, I have collected a 
lot of shoe lasts because I have been 
around for a while and they are the 
core of my practice. Someone come 
in who want a square toe, I have a 
square toe. Someone want a pointy 
toe, I have one. I have them in his 
size because I have a complete size 
range. If I were to start out fresh, 
it would be completely different. 
Cause I only need one pair of each 
shoe last or the ability to design my 
own which is pretty hard work to do. 
Unless you have a specific program 
like shoe master or something like 
that – but licencing for them are just 
so expensive. 
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PL Unless you can generate 
sizing automatically through a scan?
BD Yes but the biggest problem 
for me is it’s hard to print flexible 
material and shoe flex underfoot, 
it’s not rigid. It’s being mainly flexible 
laminate leather, so can’t figure out 
that one so you go okay, what about 
digitally printed shoe lasts and that 
kind of work but it does not improve 
my storage problem. I don’t want 
to have to store more shoe lasts. 
If you can digitally print them and 
reuse them by grinding them down, 
re-feeding them to the printer that 
will be really cool. Then we can 
do custom shoe lasts, print with a 
cellular fibre that can be reused. 
Another problem, I have some 
shoe lasts file, I can pay someone 
to scan and get me STL file of shoe 
lasts – that the expensive bit. To get 
the information into the computer. 
Digitising is expensive and hard work. 
Without a point digitiser, if you have 
to do photographic digitising, using 
a 3d scanner, you spend a month 
cleaning up cloud point to get the 
surface you want and it just not worth 
it. 
PL And in that sense the 
physical shoe lasts you already have 
is doing a better job.
BD Yes, In theory, I could get 
my favourite shoe lasts to be digitised, 
and STL makes from them. It will make 
that shoe lasts potable for me. I am 
planning to work overseas for a 
month this year and it means I can 
make a pair of shoe to fit someone 
else if I have the file with me. 
PL It will make you mobile
BD It will make this (shoe lasts) 
redundant in some way or has the 
capacity to make it redundant. But in 
other technology, for example, all the 
other pattern making technology for 
the shoe, and for example shoe lasts 
design is just horrifically expensive for 
a small-scale operator. A big factory 
can afford them. You can download 
for free to play with, but you cannot 
get any further into it, as you cannot 
get it to digitise your stuff and put it in 
there. 
PL It’s strange, reflecting on 
what you said about making and 
new technology, it does not seem to 
help you at all. 
BD It helps in information 
organisation and in a social way, 
cause I can have access to the 
world and to my friends through my 
workshop via the technology. 
PL Yes of course
BD Yes it does not help with 
3d-program or pattern making 
program to make my pattern on the 
computer, from shoe lasts to map 
the surface accurately with masking 
tape to almost produce a perfect 
pattern within one or two hours. I 
don’t see how you can do it in one 
or two hours on a computer. I can 
map the surface correctly, and then 
you take it off and map the surface 
accurately. 
PL The time scale relationship 
of physically making an object, you 
can work through it so quickly as 
opposed to working digitally trying 
to capture and reproduce the 
information. 
BD It’s about a matter of scale. 
A lot of this we only use once. They 
can be pretty accurate, but they do 
not have to be perfect. If I have to 
make a pattern that has to make a 
thousand pair of shoe, then I will make 
that pattern really perfect. And the 
same goes with bigger cooperation, 
their design in the digital domain, 
they can afford the software to make 
the pattern. In the digital domain, 
once you have drawn an object, you 
can unwrap a pattern form it, if you 
have the software. But that software 
is simple, not accessible nor any 
quicker for me.
PL No if you can complete it in 
one or two hours, not sure how else 
you can be more efficient?
BD So, the pattern I have made 
has gone from there to this which 
I will then last up, and I will need to 
adjust the design a bit smaller in 
some respect, but it’s not far off from 
a functional shoe for that person. I 
have spoken to artists overseas who 
work in organic fibres and see if there 
is an application for them. There 
is a digitally printed shoe lasts and 
shoe available on the internet. But 
they all honeycomb stuff that is not 
a real shoe. And they are fantastic 
creation, some people could wear 
them, but they do not actually satisfy 
my functionality clause as well. 
PL I guess you practice is all 
about the custom 
BD This is a digital Nike shoe 
lasts… the raw STL, I download this 
from free-ware off the internet, 3d 
universe. I run Linux on my computer, 
so I don’t have access to all software, 
but I have Blender on it, and it allows 
me to open the STL file and let me do 
what I want to the model. This is an 
industry one, when the tariff finally 
got down the Australian footware 
industry, all the people who make 
sneakers when back offshore. Nike 
and Puma used to have a factory 
here, they have to manufactured 
locally, so they don’t have to pay the 
import duty. And so when they close, 
I got hold of their shoe lasts. So, I got 
enough to make modern looking 
sneakers and that. But by far most of 
my work is on beautiful old 1960 lasts, 
and they are a beautiful object. They 
are beautiful lasts. 
PL There is a weight difference 
between the front and back…
BD It’s just the functionality - 
they are anatomically accurate. I 
can then customise them to make 
others. Digitally it’s possible to make 
this the same object. I will only do it if 
I can recycle the object. 
PL Otherwise you are merely 
duplicating your library.
BD Well not really, for instance, 
if this person is size 8.5, I can scan that 
and make her an 8.5B, at the moment 
I just stick a piece of leather on them 
to build it up. They are call fitting in 
trade. A bit of morphing happens 
but it will be possible to custom make 
from a single set of shoe lasts. To get 
them to make cost about $100 a pair 
with a replicating machine, whether 
its cheaper to get them printed or not 
is a question. Digitising and 4 h to print 
this.
PL Yes, rapid prototyping is not 
rapid, is it?
BD It’s interesting prototyping, 
but I have seen it – nobody print with 
a flexible material yet, then it will get 
interesting. Flexible and durable, the 
sole has to be durable. Other than 
that its replication. There has been 
some student coming through my CA 
shoe course, I have been teaching 
entry-level craft shoe-making course, 
and they do interesting thing with 
shoe lasting. Their idea is more about 
making and shoe making freeware 
available in the third world. To be 
able to order a shoe lasts online and 
have it milled. 
PL That quite interesting, they 
empower people to make things. 
BD The catch is that if you want 
a quality product, you will have to go 
and practice 5 years to be good at it. 
Everybody can only make a low-end 
craft. I can make a low-end craft, but 
I can also make a pair of shoe that 
will last 20 years. A high-end craft 
that every day you wear them, it’s 
like a new pair of shoes. And it never 
looks out of fashion. The subtlety of 
the design makes it ageless and the 
material as well. 
PL How do you see the future 
of your practice?
BD I just continue as it is. 
PL See to be a pretty good set 
up to me
BD Well, I don’t have to work 
outrage hard; I get interesting work 
comes my way. It is sustainable in its 
own little microcosm. It’s not easy 
to find, but people find me. I have a 
reputation and people come back. 
They are often first off customer, and 
if they work, they will order multiple 
pair of shoe over some years. 
It is the material, and I love the 
material. People come in, and there 
is a unique smell to it that makes it 
feel honest and real. Shoe-making 
as well as being the craft, it is just so 
real everyone can associate with it. 
Everyone go and everyone has a 
problem with their shoes. 
For the past twenty years, I have only 
worn my own shoes. Other than a 
pair of cycling shoes. Good pair of 
leather shoe is like good friends. 
PL Thank you, Brendan, for the 
amazing insight into your practice.
 END
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PL Kris, tell me how you started 
your practice?  What triggered you 
to want to become a ceramic artist?
KC I’ve been working in clay 
now probably for around 30 years 
since I finished my undergraduate 
and I’ve always worked in clay 
and possibly, what you say, we live 
true to the medium.  My practice 
has varied over time, but I have 
a diverse practice because I do 
make a bespoke range of hand-
thrown tableware.  I do exhibition 
work, and then I also create work 
for commission.  So in art and craft 
practice, one thing kind of lead to 
another thing, and so, I don’t know 
why you’d say I chose it, I just like 
the medium, I like using clay, and it 
took a really long time to become 
comfortable with the medium as an 
artist.  And once I think you become 
really comfortable with the medium, 
then you can do anything you really 
want with it.  So to chop and change 
mediums or to start a new medium 
now probably wouldn’t work for me.
I went through university, did my 
degree, and I learn the basics of sort 
of everything within that degree. I 
had to do chemistry and geology 
and all of those kinds of things as well 
as wheel throwing projects and hand 
forming projects, so you learn all those 
things, but it’s not until you’re out that 
you start practising it. After I was out 
of University, I actually worked as a 
production thrower in pottery, and I 
had to sit there day in day out, five 
days a week, throwing pots.  You 
know 100 of this, 50 of this.  And I did 
that for 12 months, and in hindsight, 
that was probably one of the best 
things I did because I can throw 
exceptionally well, and throwing 
was something that you do have to 
learn like that, through repetition and 
practice.  It’s just practice, practice. 
Whereas some other things like slip 
casting or, you know, where you’re 
using moulds or hand building, you 
don’t kind of learn, you don’t have 
to, it’s not as a repetitive learning 
process.
PL So in that sense, the tacit 
knowledge of throwing can only be 
developed through practice?
KC Yeah, whereas hand 
forming or coiling pots, for example, 
you obviously become very proficient 
at it through practice, but you can 
become very proficient at it in a 
couple of weeks.
PL Does your technique 
changes over the year?
KC I think your techniques do 
change.
PL Did you evolve new 
techniques?
KC I don’t know if I evolved 
new techniques - look, we’ll just use 
the throwing as an example, but 
everybody ends up throwing the way 
they want to throw and so … I don’t 
think I developed techniques.  I think 
it’s just a basic kind of skill set and you 
adapt it to your hands and physique 
from what you’re making.
PL In your opinion, what is 
‘craft’?  
KC That’s a real impact 
question, I see. I don’t know if there’s 
an answer to that.  It depends 
you know, like is craft something 
handmade.
PL Maybe more towards 
your practice, because as you say, 
you occupied an interesting space 
between art commissions and 
crafted functional ware, so how do 
you negotiate between the two?  Or 
don’t?  
KC I actually refer to myself as 
a ceramic artist, but I don’t actually 
differentiate too much.  There is a line 
drawn (kind of) in the sand. Maybe 
not so in Australia, in other countries 
like say Japan or Taiwan, where they 
have high regard for ceramics. Here, 
there’s only so many people who are 
prepared to pay for a bowl, but the 
interesting thing is if you take the bowl 
from being a functional item that you 
use every day and you remove that 
bowl, and you suddenly put it up on 
a pedestal. The price changes.  But 
you can’t use it both ways.  It was like 
Gwyn Hanssen Pigott for example. 
She used to throw pots and people 
sees her as a potter, but then she 
took ceramic to a still life formation, 
referencing Giorgio Morandi 
painting. You could never buy just 
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one of them, for a bowl to use in the 
kitchen, you had to buy that whole 
set and you had to display it this way. 
Who knows what you do with it when 
you get home. So that took from I 
guess a craft object to an art object. 
But I think it’s a very shady line, the art 
and the craft debate.  It’s always a 
bit strange.  
There was quite a change in the 
70s actually when they set up the 
Crafts Council.  Whereas before that 
people were just making ceramics 
and selling them and they were just 
art objects, as classified in the art 
world. When the Crafts Council set 
up, things just slotted into as craft.  
PL What is your view on the 
issue of around authenticity between 
a craft and an art object? Is this one 
of the distinctions between craft 
and art? That art object is one-off, 
while the craft practice is about the 
multiple, as you said the repetitions?
KC Well I don’t think craft 
practice is necessarily about multiples 
because a lot of people just make 
one-off pieces to sell. There’s a real 
resurgence of people wanting hand-
made item.  And there are all these, 
ceramic people out there making lots 
of ceramics so they just make one-off 
pieces and selling them. They’re not 
necessarily classified as art. You could 
say that about printmaking and 
photography.  Anything that’s done 
in multiples, and in editions - is that still 
craft?
PL On tools, do you use 
multiple or different types of tools? 
Tell me about what are the tools you 
use.
KC I don’t have lots and lots of 
tools, but I have a range of tools.  And 
there are tools I use for throwing and 
tools I use for hand forming.
PL Do you make your own 
tools?
KC No.
PL Do you produce jigs and 
forms?
KC No, all my tableware is 
thrown on the pottery wheel, and I 
don’t cast functional ware at all.
PL So those incredibly delicate 
pieces, how do you make them?
KC Oh, I’ve got the moulds 
for those.  See those, they’re cast. I 
cast a brunch because I’m making 
a huge canoe, about 2.5m canoe 
long out of those sticks.  I’m making 
three 2.5m canoes out of the bone 
china that float through their space 
referencing the original people to 
the present people.  So, the first boats 
made up of sticks, and I cast a stick. I 
make multiples weave them together 
like a wire thread. The next boat is 
made of leaves and the next one’s 
cloth.
So I do cast but I only use that kind of 
casting technique in my own artwork. 
Like those leaves and feathers; I cast 
a real feather. I cast a real leave and 
then I put them in different ways. They 
usually have a conceptual meaning 
behind them.
This one is bone china I’m using, cos 
I like to use bone china for these sort 
of pieces because it has a beautiful 
luminosity.  It’s the luminosity that I 
like.
PL Does the material define 
your design or is it the other way 
around?
KC No it’s the other way 
around.  Usually, I have the idea first, 
the concept first and then I then work 
out what I can do to express that 
concept.  Say like the boat, the sticks, 
the first people that were in the area 
were the indigenous people and they 
used canoes of the tree that flowed. 
They hunted eel because there was a 
lot of waterways and so I just thought 
it was good to use the boat as the 
metaphor. The next peoples were the 
whites that came. They came to that 
area by boats, and they farm.  And 
the latest people that moved into the 
area and they’re in textiles, so I used 
the canoe as the metaphor.
PL As cultural references where 
the idea is driving the materials?
KC Yeah and so when I thought 
of the boat, the indigenous one, I 
thought of how they used the bark, 
so I’ve used sticks. 
When you know your material, then 
you don’t have to worry about the 
material anymore. You have to worry 
about the concept and to express 
the concept.
PL Is there differences in 
working with bone china versus 
porcelain or other types of clay?
KC Yeah there is. I think that’s 
you develop and probably redevelop 
your technique. You’re talking about 
tools earlier, and I was thinking how 
one learn about the different clays 
and what you can do with it. Then, 
how far you can push that material.  
PL There’s always a limitation in 
the property of the material, and you 
work within that.
KC Mmm, and sometimes I 
work like this. The objects become 
very fragile and then it becomes a, 
you know, a bit of a challenge.
PL Do you try to sometime work 
with the fragility as a concept? 
KC I can show you some other 
work I do. I actually add paper in the 
clay, so I’ve adapted the clay, add 
paper in the clay to give it much 
more structure and then once fired 
until they are vitrified. They’re very 
fragile in the raw state or bisque 
state, the first firing state. Adding 
the paper help to hold it. The green 
strength is really strong, cos it’s got 
paper supporting it in there. If you just 
fired it to the next sort of 1000 degrees 
Celsius to burn out the paper, it is 
really fragile, because the paper’s 
not there whereas if you just fire it 
straight up to 1280 degree Celsius, 
the work is quite strong because the 
clay is vitrified.
PL How long does it take you 
to perfect the technique?
KC I develop that technique 
as part of my research when I did 
my Masters. The technical research. 
I’m still using that technique, the 
measurements and all that I used.
PL Do you think that 
technology will be useful in ceramics?
KC Oh yeah but then I put them 
in the computer and print them out, 
but I like the human touch, and my 
work’s really tactile. Everything I do, 
in particularly the tableware. People 
buy it because it’s handmade and 
it has that beautiful quality. You feel 
every single piece is individual you 
see it in every piece. I don’t tend to 
use rapid prototyping, because you 
can do it in clay now.
PL Do you see potential in 
using the 3d printing technology?
KC We have students that 
do it in RMIT, not many but some. 
I recall there’s one girl who got a 
really great business. She’s made 
tableware and designs all the things 
on the computer. She gets them 
made and then she takes the plaster 
mould of those pieces, and then she 
slip casts them.  Because that’s the 
thing, I don’t know at this stage you 
can make functional ware with the 
technology. Maybe in years down 
the track, it might be possible.  Yeah. 
I find it really interesting and quite 
fascinating, and I think you know 
sometimes it probably would be 
good to do it.
PL Do you think it will change 
the practice of ceramics in the 
future?
KC Oh I don’t think it would 
change the feel. I think, it’s about the 
quality of the end product. There’s a 
lot of people that go up to China now 
and have their work made there.  But 
if you have a look at the work it’s 
really cold.  There’s no warmth, or 
there’s a different quality to it.  And 
it’s absolutely perfect, exquisitely 
made, the glaze, it’s all beautiful, it’s 
so well made and finished but maybe 
it’s too well made sometimes.
PL It’s interesting because you 
talk a lot about the hand involvement 
and the machine having a sense of 
coldness. I’m wondering in using 3D 
printing techniques for example, you 
couldn’t really allow for variation.  Is 
the variation the sense of warmth you 
are looking for?
KC I don’t know, I think it’s 
something that sort of made in a … 
often things that are made in moulds 
can have that quality. You can be 
very perfect on the wheel and make 
everything very pristine but for me, 
it’s not my taste. You can do it on 
the wheel if you want, you can use 
a jig. You can do lots of things and it 
would be absolutely perfect. They’re 
all exactly the same even though 
an artisan has made them.  They’re 
absolutely perfect.
PL How do you see the future 
of your practice?
KC I’ve been pretty lucky in 
that I’ve got fabulous opportunities 
and I think as long as I can get my 
materials, you know, they haven’t 
dug up the world, the materials, I 
think there will always be a place 
for some of my work. My art work is 
just art work, it doesn’t matter really 
what material you use but if you’re 
talking about the functional ware I 
think there will always be a place for 
that cos people will always want that, 
commission me to make their dinner 
set or their bowls or their plates. They 
are not for the every-day person 
perhaps, cos it costs more, but I think 
there will always be a place for the 
hand made. I do think it’s like that, 
up and down throughout history. At 
the moment, the handmade is really 
popular because people want to 
know, they like to meet the artist that 
does the work. It’s very special to 
know that a person has handmade 
that.  
And there’s a quality about it, like 
when you hold that cup and drink 
from that cup. Your fingers are feeling 
where my fingers have been, and 
there’s the memory of the making. 
You can’t falsify that.  So I think we’ll 
have a future there … if you look right 
through history, we all love the one-
off pieces. Our clothing, our furniture. 
PL We’re human, we want to 
be different.
KC That’s right.
PL Well thank you very much, 
Kris.
KC Is that it?
[END]
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PL Tell me how you started as a 
jeweller?
MD I was little then, 14 
something like that.  The third year of 
high school and then into the city, I 
was so happy, but then I couldn’t 
go to trade school because you get 
sent to trade for one day a week. I 
was in a big workshop. 32 people 
are working there. Rows of benches 
like this, all the way along and then 
another row all along the way.
PL So that’s where you learn all 
the techniques through the trade?
MD Most of them yeah.  I saw a 
lot of them.  I mean as an apprentice 
you can’t just watch.  You do get a 
clip over the ear and be told to get 
back to work.  You’re supposed to 
be working, and then you are also 
the dog’s body you know, wanna 
make one of these or one of those 
or sweep this up, or you know, so 
you were constantly looking after the 
workshop as well as getting your own 
work done.
PL When did you set up your 
own practice?
MD Well when I finished my 
apprenticeship.  That was in Little 
Collins Street and Elizabeth Street. 
Then I went to the Block Arcade.  No 
one there.  It was incredible. Then, 
there was a room behind me that 
came up and one next to me, so I 
ended up just taking over.  That was 
$10 a week, and that was another $5. 
It was like 2 little rooms. And then from 
there to Port Melbourne for a little 
while because I built a house.  I moved 
back into the city and then I went to 
Carlos House. I was there for 22 years 
in that studio.  Not a bad innings. 
 
PL Is most of your work 
commissioned work?
MD Yeah all is.  I had done 
some work when I first started for 
shops.  You put work in there, they 
would sell it. They wouldn’t pay you 
so you couldn’t get paid.  Plus, well I 
realised later, it has to be wholesale. 
So, the next thing is the markets, and 
I know a few people that work with 
markets. There, things are the lowest 
common denominator to sell, and I 
have (done) a few market stalls but 
never again.  
I had a couple of products which 
were quite good for that.  But people 
sort of tyre kicking. They wouldn’t 
want to look you in the eye, or 
otherwise, you might have to buy 
it.  No one talks to you.  I didn’t like 
that feeling at all.  And, yeah so I just 
make to order costume jewellery, 
and that’s pretty well all I’ve done.
PL Is there specific materials 
you work with?
MD Gold.  Yes.  But then, it 
depends on the order.  Pure gold, 
22ct, 22ct red gold, 18ct yellow 
gold, 9ct.  You know so it all kind of 
ends up getting to be 9ct because 
it is considered as a base metal you 
know.  You make a bracelet like with 
9ct gold as a mock up, and there’s 
still a $1,000 worth of gold in it.  
So I use any of my scraps that are 
left over.  I can put them together 
and melt them pretty well like those 
in the charcoal; melt them and then 
roll them out. It doesn’t always entail 
alloy down to 9ct.
It’s (Alloying) fairly straight forward 
using copper or silver.  So, you weigh 
the metal, pure metal, which you 
buy…well, that’s silver, but you get 
gold the same way in granules. You 
weigh out a small amount; if you had 
one changes everything changes. 
And then you just divide that by the 
number 75% for 18ct, 91.6% for 22ct. 
Everything’s out of a 100%.  I like silver, 
okay I want it to be a bit redder.  Not 
really red but not pink, just warm it up, 
so I add the copper by eye that way. 
I couldn’t standardise it.  Then, there’s 
white gold, of course, using platinum, 
well it’s not white gold its platinum. 
We use Platinum as a bleach to add 
to pure gold. It also makes it soft that’s 
a good setting material for setting 
gem stones.  So, you see in classic 
rings, yellow gold rings, and there’s 
a little plate, a little piece of white 
where they set the stone into using 
mechanical setting, either claws or 
you raise a grain but not glueing.  
PL Has there been much 
changes over the years in your 
techniques?
MD Yeah there has been a lot.
PL New techniques?
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MD Well it’s changed in so much 
that Jeweller knows less and less and 
less.  Till now it’s casting, so we will just 
make that in wax, and we’ll cast it.
PL Because of the economy?
MD One degree of economy 
but also the lack of skill. Well okay, you 
have to do this in mass production. 
But, you’ve to make all those things 
as they did in earlier times, say for any 
decorative pendant is composed 
of maybe 4 or 5 parts.  The bale, 
the thing it hung from and various 
components that fitted inside the 
oval; either being a lens or a design - 
it wasn’t just a singular thing, so yeah 
the casting is much easier. But for me, 
it’s not because it’s more work.  
You have to make it in wax, and then 
you have to get a cast, then bind 
the metal from the casters.  They only 
charge $5 - $10 to cast it.  Cast every 
day.  So, they’ve got a big turnover, 
and there are lines of people like a 
bread shop coming to pick up their 
orders every day and then later in the 
day dropping them off and so on. It’s 
typically a silicone mould.  Then they 
can squirt, they have pressurised hot 
wax now, squirt it in, open it up, take 
it out.  You could do multiples.  And 
then you can add wax to the mould 
to make the same ring in 4 different 
sizes.  
PL What is the technique you 
use now?  
MD I might do it if I’m working 
with something like platinum or I 
would make the whole ring in silver, 
putting the stones, 2 rubies and a big 
diamond.
And she was like oh, that client was 
in Perth, so one side very busy and 
the other side not.  I could turn it 
around, photograph it with the stones 
in it, send it to her.  Did you like the 
shoulders like this, or shoulders like 
that?  
So if it’s in silver (it is) very easy to 
manoeuvre you know. I can put the 
stones in, they can look at it.  We are 
going beyond schematic drawings. 
This is what I learn about custom 
jewellery is that to order something 
custom is fraught with danger.  I 
mean you don’t know.  Are they just 
going to make it really badly or I’m 
not going to like it?
PL Most of the time people 
only do it once in their life or twice 
maybe.  They don’t do that many 
custom things.
MD No well they don’t, but there 
are people that do.  They know your 
work, and they are totally satisfied 
and would say: “ just make it man”, 
go for it.  I have little resistance from 
my customers in that way.  Because 
I go with their style, I make it in silver 
then they can visualise it, see it, try it 
on.  Right.  Now if this is going to be in 
platinum, I can them weigh this.  I’ve 
opened it up inside there, done all 
that and I then have a mould made 
of this.  Make a mould, that’s $35. 
Have it cast in platinum.  Then all I 
have is a little lump to chop off there. 
You know I can do all this work again, 
and I will also have a tray full of 
platinum, and that’s a $100 a gram 
you know.  So, it’s expensive to work 
with.  I may miss out on craftsman, but 
I‘ve already done it.
PL Tell me a little bit more 
about your making process. 
MD I’m…will just move this out of 
the way.  I still work like I am in the 15th 
century if you know what I mean, and 
I will show you what that is. 
 I just have to convert that to 
another metal so I will be pretty 
expedient.  Considering having 
that cast, even though it cost you 
$10 a cast, it’s still you know a 
$1,100, $1,200 worth of metal.  But I 
would have to buy $1,600 worth of 
metal to make that platinum ring. 
 
So that would be the beginning of 
that ring here.  So, what I am looking 
for…(MD demonstrating the making 
process as he talks)
PL So this is actually the 
granule that has been melted down 
to form…
MD Yeah.  Here’s another.  See 
the beautiful thing about pure silver 
is there is no copper in it because 
Stirling silver is 7.5% copper and you 
can just weld it.  And then I can 
hammer this out, it doesn’t crack or 
anything.
PL Right.
MD So I can hammer that right 
out as I am going to and then there’s 
my ring.  I can add more material to 
it.  This then becomes something like 
this sort of a ring.  So, it’s wide, it fits 
over the…comes down here like that. 
So that’s what that is going to be.
PL So effectively that’s the 
transformation process …
MD I’m just looking for the little 
ingot that I’ve got.  It just looks like 
a coffee bean and…they’re my 
hallmarks in a plate.
PL Beautiful.
MD Which I can add to 
something.  I did have it just here.  So 
let’s just do that because then I can 
show you the next step.  The other 
thing is, someone will give me a chain, 
someone a funny old ring.  I can melt 
that and turn that into exactly a small 
ingot and roll it out.  I’ll just turn this on 
and…
PL Do you mind if I photograph 
some of this Marcos?
MD No, no, not at all.
Right. Well this is what I love about this 
sort of work is that, as I said, out of the 
15th century but that’s not a romantic 
thing it’s actually still the easiest way 
to make something in particular.  This 
is compressed charcoal.  I am trying 
to get some in that.  There you go. 
So normally using flux borax.  So it’s 
a very fundamental material, borax. 
And that is made wet, and there is a 
paste.  You make the paste-like that, 
and then you paint that on to your 
work, and it keeps it clean so you 
can solder it.  So, what I am doing 
here is I would make these, I would 
fuse it all together.  So, most work 
I am just kind of welding it.  I’m not 
even using a solder.  I use a very small 
amount of solder.  One because it 
is not necessary, I’m not in a hurry, 
and it lasts forever.  So, there it is pure 
silver.  And you can see here what I 
have done with the rollers is rolled it, 
I pinched in like that, so I am able to 
make this little lump either into…oh 
my goodness!  Okay.  I can either 
make this into wire or plate you know 
I can take that and hammer it flat.
You then roll it out, or I can do this 
sort of thing where I need more metal 
here than I need here. So that allows 
me to have a piece of metal that I’m 
forming and then that goes onto the 
mantel that way.  But I will get that 
spread out and hammer it.  
PL Great.
MD So that will give me a good 
basic shape to begin with and then 
I can call my client and say yeah 
come in, and I will take their gem and 
add that to this.  And they go hmmm 
- very nice.  Go ahead.  I keep going. 
Because I do drawings, sometimes 
people don’t necessarily understand 
much.  And they’re the first ones to 
complain when it’s not what they 
want.  So you’ve got to beat them to 
it in some way.  
I will show you how simple this is. As 
you can see how compliant this 
material is, pure silver.  Sterling silver is 
hard compared to this stuff you know. 
So that’s already starting to shape 
itself.  It’s wanting to conform.  Then 
the other thing, of course, is putting 
it into the vice and punish it so other 
work can be done on the outside. 
So, wood shrinks metal.  Because it’s 
ingrained and that’s a hide mallet.  If 
I do this, it wants to spread the metal 
it has just formed.
This way it holds it.  If I do it in a metal 
form and I’ve got metal ones, this 
gets thinner and then starts to thin 
out.
But here I want to keep both the 
thickness.  I don’t want to lose that, 
so that’s not any thinner than that. 
If I did it in a block, it would be half 
thickness. So that won’t work later.  So 
then I don’t have to do a great deal 
more to this to turn it into a ring.  We 
will do it now.  I do have something 
for this.  So I will just roll those little tabs. 
So I’ve got a bit of a scoop out there 
that’s always good for holding things. 
See that.
Okay, you could call this repertoire, 
but not really, it’s a technique.  A 
technique for making these things 
and this could be in any metal. It is 
more inferior than making this in wax 
because you’ve got the rigours of the 
metal.  
That’s about to weld (referring to the 
ring on the table).  
PL You want the heat it evenly 
- no?
MD Yeah.  What happens with 
soldering of sterling silver is you heat 
that, and it goes black because of 
the copper.  So, you’ve gotta use 
flux, flux has got to go on there, and 
then you prepare your solder in little 
strips.  So, you are only picking up a 
little tiny bit of solder to add enough 
to shoot into the thing.  Now I won’t 
repair that but what I would do then is 
to melt that from the side. I’ve melted 
the middle like that, and I usually get 
the whole thing.
Now, these have all marks a, b, c, d, 
e, f, g which correspond the ring sizes. 
And I use this, this absorbs a lot of the 
noise.  You’re working on the bench, 
and everything is jumping around so. 
What I would be doing there with this 
one is I would then trim those off.  I 
can snip this away, but I am using this 
for something else so I will just flatten 
this out again.  But you find that 
you’ve now got something. If I was 
to take a gem of any kind.  I know it 
didn’t look very glamorous before.
No, but it doesn’t take long for it to 
start to realise itself.
So, it can be really expedient you 
know, and I would take a gem, this 
coral for instance, and that fits down 
in there quite nicely and make a little 
ring like an under dazzle.  So it’s either 
in wire … so this is what we will do 
next. The wire and make something 
that conforms to its size.  That goes 
into there, and I would solder that in 
the ring.  That would sit down a bit 
lower into the indentation and like 
you see with this, so there’s a ring in 
there, that means when I cut the top 
of that and wait for it to set.  Got no 
interruptions at all.  It just formed all 
beautifully and then when I press this 
metal down back over the stone, 
it’s completely smooth.  So the ring 
has got no bits attached to it, no 
arabesques, no little…
PL It’s simply continuous.
MD It all comes around all 
smooth and round and uninterrupted 
- made out of one piece.  There’s 
no solder and no interference from 
additions.  I have made this black. 
So, I work in Bakelite as well.  
I will rivet those onto this ring.  And 
that’s basically how it works. It 
doesn’t have a central thing; it’s just 2 
sides.  And they have gold and silver 
in-lays in them.  So, I just had a show in 
Sydney, and I have all of these pieces 
of Bakelite that I had made on silver 
rings.  
PL Do you make your own 
tools?
MD Yes often.  And that’s the 
other thing to get in and under there 
thoroughly. I would heat…I would 
take this thing, files, heat it up, get it 
nice and red, put it in the vice and 
bend it and then I make myself a 
gooseneck or something like that.
PL You make the tools merely 
to deal with the geometries you have 
to tackle?
MD And then this is a centre 
punch.  But I’ve used a diamond 
tool to get in there, and I have 
shaped it around the outside.  This is a 
decorative punch.  But then let’s say 
I took one of these balls, I will have to 
find one that’s big enough, needs to 
be a bit bigger than that.  Like a mint, 
like making coins.  So inside its kind of 
like a curve in there and then another 
curve.
If I was to put this on my mandrel.  I 
can also use this tool, but I made 
quite a few of these. Different ones. 
Bigger hammer, little hammer.
I could use that as a decorative…well 
if I’ve got enough metal under there 
it will take a design, but I can use this 
like a frieze.  
PL Beautiful.
MD And then these, the other 
ones which are made from files. 
PL So these are little metal files 
that you just cut?
MD You don’t cut them.  You 
put them in the vice - like that, you 
wrap it in a leather glove and give 
it a whack and snap.  When they’re 
blunt, they’ve had it.  Then I round the 
312
top off a bit because this is a travelling 
punch so if I am working on a frieze 
and you’re tapping, because of its 
shape, slightly rounded, it travels.  So, 
as I go tap, tap, tap, tap - I can steer 
it you see. I can make a continuous 
line on something.  Here a direct half 
round, that’s not a travelling punch, 
and then you can just bang, bang 
like that.  And then I have had others 
which sit on the inside.  So I make, as 
far as the engraving is concerned, 
this is what I do.  
Yeah.  So these are the tools you 
would make, and these are sharp. 
They’re good because you can sort 
of hold them quite well.  
PL Do you shape the ends to 
the way you hold it?  Or is the punch 
area is much more important?
MD Yes.  I would soften off the 
rest.  Soften it then because they are 
too hard.  I can grind them, and they 
are still going to be way harder than 
anything you go near; silver or gold or 
brass or steel. 
PL  Given that you make your 
own tools, does the design come 
first?  Do your tools come first?
MD Well the design, because 
you then have to affect the design 
with the tool. Let’s say for instance 
I’ve got these tools - I think this will 
be good, and I might even just start 
doing a few - oh great, it’s the design 
now.
PL It’s reciprocal?  
MD Yes.  Absolutely.  Because 
you make it once that doesn’t mean 
that you will never use it again. And 
you know engineers have got jigs 
and things all over their workshops. 
I went to all this trouble to work out 
how to do a particular thing, to do a 
certain job, build a tool for it or a rig or 
an arbour or a specific custom end to 
deliver the work. 
See this is double. See how there is a 
ridge down the middle of that.
PL Oh yes.
MD  And that is like what I made 
for an inlay.  So, I have a gold strip 
and a silver, and you chisel like the 
Japanese did in all of their works. 
Japanese style where you chisel 
down and then peels - see how it is 
flatter?
So when I make a mark, it peels 
the metal back this way, but this is 
straight.  Then I come along with fine 
gold wire, they’re very compliant, 
you know it works and then I can 
hammer this.  Push it into that groove, 
come together with something like 
this which straddles the gold, and 
then I go punch, punch, punch like 
that.
I would do that…I’ve learnt that 
from just studying the techniques 
of metalsmiths - the Japanese art 
of inlaying into tsuka and to swords. 
That isn’t necessarily taught in the 
apprenticeship. Although they had 
done, they had done a lot of things 
which I found to be really interesting, 
but I could apply it.  And quite often 
with trade tricks - ah, it’s kind of like 
back to front.  
PL So you reverse engineered 
techniques?
MD Yeah.  But it is often not as 
linear as you might think. 
The techniques employed to do 
something.  You’ve got to do 
sometimes. If I am soldering things 
on like these little pins. I can scribe 
around that on anything. Cut out 
that little shape, drop that in and use 
those as markers, so I cut them off the 
point. You wait a bit, drill 2 holes and 
then they become the rivets.  I rivet 
that, and that’s totally it.  And not 
sitting on the top but totally flushed 
in the object.  And then there’s my 
signature. So, no one can get a knife 
under it and flick it off you know.
And then this is that language of 
hall marking which is locality, makers 
mark, work shop mark, metal purity, 
so you could look at it and go oh 
that’s Melbourne you know 2006. 
Made by Marcos in that workshop in 
Flinders Lane.  So a ring or something 
will always have 3 or 4 hallmarks if not 
16.
PL We talked about materials 
a bit earlier.  Does the material 
change the way you work?  We talk 
about silver and gold, you also work 
with stones?
MD Yes, precious stones.  
PL Does it condition the way 
you design?
MD Yes. Well you know you’ve 
got to lasso those rogue imagination 
into something that is a particular…I 
mean, they are already hard, so they 
are great.  So, I can chisel into finer 
works. Maybe opening up a setting 
for a gem.  So yeah, they are different. 
Each of the metals has a personality. 
Pure silver, sterling silver and therefore 
they have requirements, different 
ways you have to work them. 
PL Different tools as well?
MD For example, platinum. 
You can’t just have platinum here, 
rubbing here and on that.  It’s highly 
reactive, and next time you heat it 
up, it pulls that and scars the metal.  
You really have to be careful.  You do 
everything in reverse with platinum. 
In fact, if you heated it up red hot, 
you wouldn’t do it on charcoal 
because the charcoal, it opens up 
and the gaseous combines and then 
when it cools down it just wants to 
crack.  And, not crack like brittle but 
like a soft, a soft piece of chocolate. 
It would start opening up like that.
The surface wants to peel apart. So 
what you do with platinum is you 
heat it up, but that’s got to be like 
tungsten.
Don’t go near it with your tweezers 
and goes white hot like the sun.  It’s 
really…you have to wear 2 goggles 
because it is so bright.  But then if I 
picked it up with my tweezers, even 
the stainless steel, it would infect, 
it would just drag it in.  So you then 
quench it in methylated spirits and 
water.  So you harden it, in fact, to 
then work it. Otherwise, it falls apart. 
It’s like too soft.  So not knowing things 
like that you wouldn’t go anywhere 
near it and that’s why a lot of people 
don’t work with platinum.  I do.  I fuse 
it, and you can work it very finely 
indeed it just never wears away.  It 
just is twice a heavy as gold.  Twice 
the price.  So everything else is poor 
man’s platinum that’s why they 
rhodium plate all jewellery that’s 
white gold.  But all the silver that’s out 
there that’s all plated.  Plated silver. 
Otherwise, it goes grey like that?  We 
can’t have that in the shops.
Here you go.  There’s a white gold 
ring.  I told you it was too tight.  Oh, 
he (the client) lost 2 already.  He’s 
worried about losing that one.  And 
his wife said…she bought the last 
one that’s white gold.  You will see 
the marks in that. It’s engraved to 
him, and there are all the hallmarks in 
there about that material.
PL In your opinion, what is 
craft?
MD Craft.
PL In relationship to your work? 
MD You know I see craft is the 
attention to the material to form it 
to your will.  You know so you’ve got 
iron, or its wood or I want a chair. I 
don’t want a lump of wood.  I want 
a table or a door stop.  There’s usually 
something that is required, so what 
are we, what have we got…oh 
wood you know! So you know axes, 
then you have to form it.  That’s the 
craft. The craft is how it’s done which 
you have to learn, or it’s rudimentary 
you know.  You just hack it, and 
that’s what I really like.  Not so much 
hacking but I really like the ancient 
works.  I mean you look at them; 
they are so unblemished.  They’re just 
really so brilliantly simple.  Like this pin.
All we’ve got is this whole over the 
engineered thing. I would look at 
contemporary jewellery work, and it’s 
every broach that’s there has got a 
commercial roller catch on it, which 
you may know or may not know 
are completely useless.  I mean you 
bump them then they roll back and 
then flick open and then you lose it. 
Fiddly little things. So all of this, or they 
are glued on or all this sort of thing. 
Now as crafty for them to get that 
happening but it’s not craft, it’s just 
commodity isn’t it because they are 
making these units because all of the 
jewellers want to buy them because 
they don’t want to have to make 
those things every time they have to 
make a broach.  They should let you 
know. 
When it comes to the whole beauty 
of the thing that goes on as a broach 
and doesn’t want to fall forward. 
You see them really badly placed. 
There’re broaches hanging.  It’s gotta 
be there.  You’ve got to get enough 
material through it that doesn’t look 
like its pulling on you.  Then you pull it 
open and it’s firm, and it’s on there, 
and it’s not swinging around.  
So, the craft would be in the beauty 
of making such a thing and then let 
down all over the place by all these 
other shortfalls which are nothing to 
do with the craft they’re…you know 
what I mean like the fittings and 
the bits and the pieces that are all 
something else. They’re just like I’m 
making an aeroplane, but I am just 
using ‘Bunnings’ wings you know I am 
just going to go to Bunnings and buy 
2 and stick it on and it’s a plane. 
I wouldn’t want to put it another 
way or embellish it anymore.  So 
you know that’s necessity, invention 
being a necessity. Necessity is the 
mother of invention.  You know there 
is a requirement or a necessity so how 
are we going to do that then?  We 
have to invent it.  We have to make 
the tools that allow me to get in there 
to do this particular part or to form it 
and that’s the craft.
PL The tool making is as much 
a part of it?
MD The tool making is very much 
a part of it.  It has to be.  Because look 
at all of our tools. See, like there is little 
wheelie things (a piece of equipment 
on the table) - I can change things 
into this, but I can also, pop that off 
and put in another little grinder.  I can 
take that off and put a bigger one on 
or a little one on high, low, you know. 
That’s the polishing.  But here the 
dental lathe. All of these things have 
all come from dentistry, not so much 
the tweezers.  
PL Two more questions. One 
is one technology.  Do you use or 
considered using 3D printing? How 
do you see that affecting your work 
or does it have any bearing or you 
are not bothered?
MD I thought my goodness this 
is going to stop everyone from…
well everyone’s interested in it.  It’s 
certainly showing…because I’m not 
doing the milling.  I am not doing that 
kind of precision object that I can 
then give to you as a finished job. 
I would still make it by hand.  It would 
be a lot better you know for myself 
but in that aspect,  you know it 
can be exactly the right tolerances 
so it’s better and it would click on 
universally to things or something like 
that.  But jewellery is all made like this 
now, and it looks like it.  
You know you can go to any of those 
passing places on the 7th floor of 
Manchester Unity Building, walk out 
the lift and there are big pictures on 
the wall like a restaurant you know, 
and they’ve got the gems in them. 
All sparkling away, and they can 
cast, they can mill the whole ring 
out, so you pick a design, press the 
button, and it will be ready in 2 hours 
or whatever
The diamonds, the little ones, not the 
big main one and cast it with the 
stones in it.  They look big and blocky 
and boxy, so it’s not lovely.  But it’s 
amazing you know that it can be 
applied and it seems to be how a 
lot of the little rings are made.  They 
are made by those machines now, so 
no-one is making the patterns.  But, 
this again is commodity jewellery and 
not jewellery that is very passionately 
infused from the person that is ordering 
it. I mean this ring is not just a ring it’s 
his wedding ring.  Third time round. 
Not the same wife.  But most people 
go, oh could you do it now, oh do it 
now.  So, they didn’t have to wait or 
worry or come back.  Because oh my 
rings not here where is it?  You know 
you feel completely naked without it. 
 
PL These things are memories.
MD Lots.
PL It’s a culture attachment?
MD And when you are here 
people don’t seem to be very unkind 
about the idea of sentimentality but 
I hold it in great regard because 
oh god, it’s my ring you know,  it’s 
not very expensive but maybe it’s 
come from their grandma or I first 
got it when I was 14 and now I’ve 
still got.  So, this is not about a value 
judgement, oh it’s only silver, or it’s 
you know, can’t do that.  Not to work 
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on those things with any respect or to 
give it the same care, nothing would 
replace those objects.  
PL How do you see the future 
of your practice?  In the next 10 – 20 
years of your practice?  
MD I don’t think as far as 
industrial design or coming up with 
the next big thing like you know you’re 
a rock band and you want a hit.  I did 
for a while work in that way, but I don’t 
anymore.  It’s not me. There are some 
wonderful designers out there who 
are coming up with their necessities, 
their inventions of how can you use 
technology to get finer and more 
streamlined result.  That’s fantastic, 
and I look at the shapes, they’re 
paring down to nothing to the point 
where they don’t even have blinking 
lights anymore.  I mean interesting. 
Jewellery is like micro engineering. 
It’s not like, see how that sort of moves 
(picking up a piece of jewellery) but 
I don’t need a 1 tenth tolerance 
coming in from the side.  I don’t 
have to work out logarithms.  I would 
just have to do it, and it’s by feel. 
 
PL Do you think that 
technology will allow younger 
jewellers to shortcut their technique?
MD It’s like photography, 
all of the photographers are out 
of business. Now everyone’s a 
photographer. And it’s only because 
of technology that has made it 
available for everyone to use.  Now, 
digital and the fact it’s on your phone. 
Amazing. That’s a revolution.  And so 
they go we don’t need to buy your 
photographs because people just 
send it for free you know everyone’s 
got the technology being seductive 
it’s kind of, in a way forced upon us.
I mean you could do that if you go 
and learn watchmaking. You look 
at watches, they are mechanical, 
handmade mechanical watches. 
But then, on the other hand, you can 
build a watch on the internet with 
one of those 3D printing machines. 
Little brass plates, pop them all out, 
assemble it, put the pins in.  You could 
make it yourself if you wanted to. You 
wouldn’t have to be a watchmaker 
either, you just have to follow the 
steps like a recipe. So, I think that is 
great. 
There are people going to want to 
learn the craft and do things; they 
will never disappear.  I mean there 
will be a lot of people kicking against 
all of that.  I am just doing it because 
that’s just what I’ve learnt, and I find 
that it works really and that my work 
does not look like that, so there it is. 
And I can move it whenever I want. 
However, I want. So, I have complete 
control.  Autonomy - I would think 
over my materials.  I am not bound 
by the fact that I have run out of wax 
or …
PL Or your only have one 
machine?
MD Yeah I only have one 
machine.  Yeah, I don’t have those 
problems although I don’t think 
that really would be a problem for 
anyone.  So, what this means is that 
new technologies allow someone 
who had the vision that seen it and 
wanted to do and could apply to 
the new machine, and make a first-
century axe and use it to make a 
canoe.  I think people could realise 
dreams that they probably would not 
ever, ever be able to do.  I think that’s 
good.  That’s very good.
PL It’s a kind of democracy 
in the making. Thank you, Marcos, 
that was a fantastic tour of jewellery 
making.  
[END]
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PL Can you tell me a little bit 
about your practice?  Do you do 
mainly custom and commissioned 
work? 
DW Yep. It is all commission 
work, so it’s a process through 
private client’s, through architects, 
interior designers and I’ve also done 
some public projects.  It’s not a 
huge part of it, but it’s a significant 
part of it. Things come along from 
time to time, and you get involved 
with them.  The public work is sort 
of about considering that you’ve 
got something to offer.  And I like 
it.  I like the public work and quite 
like the memorial work I’ve done, 
and I like that sort of process, but 
predominantly it is making furniture 
for private clients.
PL How did you start your 
practice?  Is it through apprenticeship 
systems or…?
DW No.  I am self-taught.  I did a 
Bachelor of Arts and in the ’80s, late 
80’s, early 90’s and then it graduated 
into a recession and started making 
furniture for my family and my 
friends and it sort of coincided with 
a moment where there wasn’t a 
whole lot of work around. I’d sort of 
always done it, even when I was at 
university.  I always made things and 
always liked it and always worked 
manually, I’d always worked in a 
trade context growing up, and that’s 
how I supported myself while I was at 
university. It was a sort of logical thing 
for me to work manually and then I 
just sort of taught myself how to do 
it bit by bit.  There is an enormous 
you know cannon of publications for 
woodwork.  There’s no shortage of it, 
it is just endless, and they still do it.  
If you want to teach yourself it is 
there, but you’ve got to have the 
aptitude, you know the diligence 
and the focus and all those types of 
things.  So, I just started making things 
and selling things, and then I was a 
bit unsure, and we travelled. Unsure 
what I do, and it was really through 
that process of traveling and going 
visiting studios and talking to people; 
go to towns and talk to them. Then 
I came back in my early 20’s and 
decided very much, what I wanted 
to do and I started doing it. I made all 
the mistakes along the way.  But I’ve 
kept my fingers.  Still got my fingers. 
Still got my eyes and I’m able to pay 
my way.
PL The techniques that you 
pick up along the way through the 
last 20 - 30 years of practice, are they 
an evolving process?  
DW Yeah.
PL Do you invent new 
technique?  
DW A mixture of inventing new 
techniques and re-applying other 
techniques like very early on. One 
thing that I did was when they did 
Federation Square, I worked on this 
technique of, it’s called a mitre join 
which is a 45mm joint but is called 
a blind which means you can’t see 
it mitred dovetail.  So, it’s a dovetail 
internal, so it’s carved into the wood 
and what it does, is give a structural 
strength and integrity to a right angle 
and a cantilever joint.  So, I was working 
on this idea figuring out how to do 
that in hardwoods.  It’s a European 
technique.  It’s been around forever 
or at least 100’s, probably not 1,000’s 
of years, but I applied it to Australian 
hardwood species.  At the same 
time, contemporary furniture moved 
into a very hard edge rectilinear 
modernist style, and I was able to 
design and make pieces of furniture 
in that fashion.  
So in a way the digital industrial 
created world following modern 
aesthetic; everything folding and 
running. But, solid wood doesn’t really 
work that way. It’s got a whole lot of 
structural problems in turning corners 
whereas composite materials that 
come out of the industry, the new 
materials that have structural integrity 
because there is no movement 
in them anymore.  But with solid 
timbers, you have to accommodate 
for movements. You can deal with 
movement, and so I developed that, 
well I figured out how to do that at 
the same time Federation Square 
came along.  So I was lucky because 
I had this kind of idea of you know the 
flow of furniture that could come up 
out of the floor, bend flow and all this 
grain idea that was structurally and 
technically appropriate and correct. 
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I got a whole lot of other work 
because they were sort of obsessed 
with this kind of idea of everything 
folded.
So, in a way maybe I invented that 
technique, but you can’t really say 
that because people have been 
doing it. But what I did was take into 
another environment and another 
material; I started doing these blind 
mitred dovetail joint with all this 
ironbark in particular.  So, it’s more 
sort of the techniques are there.  It’s 
about understanding the materials, 
and if anything is inventive about it, 
I guess it’s about taking techniques 
that come out of European or North 
American cannon and applying 
them to a whole lot of timbers that 
are excluded from that.  
So, there are a whole lot of Australian 
timbers that outside of the idea of 
the hierarchical system in cabinet 
making because they’re too hard or 
they’re gum veiny. My works being 
about trying to take those very 
refined skills into Australia timbers. 
You know, there is an amazing array 
of timbers that are largely outside the 
idea of value.
PL Is there a lot of trial and error 
in understanding those materials?
DW Yeah. It’s lots of trial and 
error and lots of risky things.  So, you 
say you use something, but because 
of the nature of what we do that’s 
so small you can do that, you’ve got 
minimum overheads, you can be 
enormously flexible, or you can allow 
the timber to influence the design. 
You’re not searching for a material 
that is inert and predictable and 
industrialised.  You can craft it.
You can work with it, and that 
requires an approach, an intellectual 
approach and a creative and 
imaginable approach that’s 
extremely fluent.  You change all 
the time how you do things and in 
that is the addictive part.  So, if you 
were somehow smart, you would 
somehow standardise all those things. 
Have a predictable material, have 
everything worked out so you can 
boom, boom, boom, but where’s the 
fun it that?  You know it’s like, it’s the 
constant madness of changing all 
the time.
PL A sense of autonomy over 
your work.
DW Yes. And a challenge. It’s 
a different process to try to find a 
standardised outcome that you 
can repeat.  Which is sort of a built-
in inefficiency in it from a design 
point of view.  You know I design 
stuff all the time.  I am constantly 
designing pieces of furniture, and I 
am repeating aspects of them over 
and over again, and this drives me 
mad.  But you know if I were smart 
I would get one, and I would figure 
out how to do it; I’d follow it through. 
But as soon as you’ve done that one 
you want to move onto to something 
else and I just don’t have that type 
of brain or that type of relationship 
to the craft, so my craft is constantly 
inventive, it’s constantly engaging 
and kind of crazy to that.
PL So, the design process never 
stops, it’s really an evolving system. 
How do you design?  Do you design 
on paper?  Do you design directly on 
the materials?
DW I draw. So, I sketch it and 
think about and sketch it and think 
about it, and then I make models of 
which I’ve got 100’s of them. Some 
of them are displayed, some of them 
not and through that model making 
part of the process or markets, it 
sorts of is a way of resolving all sorts 
of problems, but it is also a way of 
engaging the client in it.  You know 
if the client has got that model it’s 
a way that they can relate to it as 
a 3D object, as an analogue object 
and it’s trying to direct it back to you. 
What I am exploring is real, it’s not 
nostalgic. There is a thirst for that type 
of process.  
Hang on, the piece we are making 
now is just here…
PL I will come over.
DW No I will come to you.  So 
what I am getting at is that you could 
draw that on the computer and you 
would be able to communicate 
what it is that you wanted to do on 
the computer. But the fact that I 
make that, and it’s a bit fragile (so 
be careful), but the fact that I’ve got 
that, I take that to the client, he looks 
at that, we can discuss it and it’s a 
really strong part of how this thing 
works, how the business works and 
how the creative process and how 
the design process works.  Because 
he gets to look at it in that form and 
you know he’s in. Whereas I’ve use 
drawing, it’s not a 2D thing, which 
I’ve tried to watch people look at 
drawings and they can’t understand 
them; it’s not even a 3D reading or a 
computer animation, it’s a physical 
object and you know it’s kind of lucky 
in a way that the world has moved 
in such an opposite direction to this 
because it makes this exotic.
This is a 1 to 5 model.
PL Is this a prototype to you? 
Because you use the exact material?
DW Ooh, I haven’t thought 
about that.
PL It’s just that you work 
incredibly fine detail into this model. 
Its almost like you are testing out 
techniques already.
DW In that way it is a prototype 
because it’s also about proportions 
and I use it to prototype proportions. 
I use it to prototype certain details 
- you’re right.  But then it’s both 
because then there will be certain 
details in it that work in a model form 
that doesn’t work in actual size or the 
other way around.  
So, for instance, everything there 
works from 1 to 5 except for the 
height. If you make that truly 1 to 5, 
the model looks far too high.  It just 
doesn’t work so everything’s 1 to 5 or 
1 to 6 in this one but 1 to 5 except the 
height.  
I can show you the models, where 
I’ve actually done it, and the table 
looks out of proportion, the model 
looks out of proportion so even in that 
it is about, it is prototyping in a way. 
But it’s sales things too.  It’s a way of 
getting a commission because you 
take that to them, they dig it, and 
they feel part of it. You know you can 
stand there and hold it and that’s 
not just client’s, you know architects, 
people in the design industry because 
they can actually really relate to it. 
It’s sort of romantic to them as well.  
PL Tell me about tools.  Do you 
invent your own tools?  Because I saw 
lots of jigs on the wall.
DW Lots of jigs. 
Yes, there are lots of inventing of tools. 
That’s my sort of hand tools section. 
You know I’ve got some beautiful 
tools that I don’t even get out, and 
I would like to one day to have an 
opportunity to have a classic cabinet 
maker’s tool cabinet with everything 
laid out beautifully.  And it’s a bit of an 
ongoing joke in the workshop is that 
we just work too hard for that.  Like 
our tools, it’s a point of pride really. 
The only things up there I use, and I 
use them constantly. There’s a real 
thing in the woodwork of fine furniture 
of having this beautiful layout of tools. 
The invention is more like problem-
solving - the process of constant 
problem solving, constantly inventing 
new ways of doing a thing, constantly 
evolving and constantly finding ways 
of doing stuff that suit the way I do 
things.  Like for instance what is going 
on there, that’s a vacuum press.  Now 
you can buy an industrial vacuum 
press, or you can buy a sheet of 
melamine, a bit of plastic from Clarke 
Rubber, and you’ve got a vacuum 
press and when it’s finished you pack 
it up and put it all back, and it’s done. 
I mean if I had the money and I had 
space I would have an industrial 
vacuum press, but I don’t. So, I am 
perfectly happy with that, and there’s 
also a kind of like that process, in a 
way, there is a limit to stuff I want tool 
wise.  Like I kind of like getting away 
with really low-tech solutions to things 
in a way.  
PL To think around a problem 
with what you already have?
DW Well exactly and it’s been 
one of the problems with it as I do 
everything here.  One the models of 
a business are to outsource stuff, and 
I find that much more difficult than 
doing it myself.  I just do it myself.  
I think really, if I am really honest 
about it I think it’s just a kind of 
anxiety about the kind of work that 
is involved in getting somebody else 
to do something for you, and this is 
much more about my psychology 
than my craft but if I am in the 
process of administering something 
on the computer to get something 
to order, it does not feel like work to 
me, and I feel anxious that I am not 
getting something done.   And it’s 
not rational.  I know it’s not rationale, 
but I feel like, I get to the end of the 
day and I think I’ve done nothing. 
Nothing’s happened.  Where actually 
if I have stood on my feet and done 
it and made it, it might have been 
the greatest waste of all time, but 
I will leave the day thinking I’ve got 
something done.  
I mean I know it’s mad and there are 
so many times, I see it in my father. I 
see my father doing it, and it’s good 
to have assistance come too and 
people who work for me who have 
got less of that, and it snaps you out 
of certain things. There are certain 
things that I will do and then my 
assistant Justin who has been here for 
a long time, he’s much more, I mean 
he’s 10 years younger than me, he’s 
much more of that outsourcing kind 
of mentality, and it’s good.  
PL Does your tools sometimes 
become part of your design process? 
Does it affect your design process?
DW Yep.  
Well, I think of tools, both of the big 
static machines and the hand tools 
can and do affect my design process 
in good and bad ways.  There is 
certain sort of just practical things 
where the kind of tools I’ve got here 
evolved and allows me to work on 
certain timbers.  So, for instance, all of 
these machines are kind of curated 
around using very difficult, very hard, 
very perversely grained Australian 
timbers so you can design objects 
that can express the beauty of those 
timbers.  That’s the good side of it. 
So, the tools actually enable me to 
explore the aesthetics of the grain 
graphics. 
On the other hand, I’ve seen in it in 
peers that I have grown up with, 
and I am wary of it myself where a 
solution comes along to a problem, 
the joinery technique and it’s less 
time consuming but by far inferior 
to a way of doing it another way. 
It’s always a kind of balance about 
where you place yourself there, and 
it’s about experimentation.  So, the 
tools and the evolution of the tools 
can negatively affect the craft.  And 
they negatively affect the craft in 
a way that they can…you know 
there is a quality aspect, but there is 
also to me a creative or intellectual 
relationship to the craft, in that I’ve 
seen and I’ve felt it.  I don’t think I’ve 
ever quite fallen fall it, but I’ve felt it. 
There’s a way in which the tools and 
adherence to a sort of tool culture 
whether it’s digital or analogue can, 
in fact, lead the small businessman, 
you know the small business 
craftsperson to start making a kind 
of rationalist decisions that separate 
them from where their real talent 
lies.  This is more of an observation, 
so what happens is they get really 
anxious that they’re not making any 
money, they think there is a tool that 
will help them, they will get the tool 
one way or another, and their work 
slowly becomes diminished.  It is less 
about them, and it’s more focussed 
on the machine outcome and you 
kind of think you would have been 
better off sticking with the idea that 
you know being true to yourself.  So, I 
think the technologies can sometimes 
be really quite confusing to the 
overall direction that a practice goes 
in but at the same time that can be 
incredibly liberating from the physical 
aspects of it.  
I don’t know if that answers 
your question, but they do, they 
do dictate certain things and 
techniques, and machinery and 
tools allow you to imagine stuff.  But 
my process is a bit more as you can 
probably appreciate, it’s a bit more 
convoluted.  I pretty much design it 
then I figure out how I am going to 
make, and the longer I do that the 
clearer that becomes because I 
repeat techniques and sometimes, 
I’ve got a better idea.  But early on 
I would get commissions, and I’ve 
made a model, I’ve convinced them 
to commission it and you know I’m 
just gonna do that and come up with 
the solutions which are enormously 
rewarding. You know creatively 
and intellectually, but it’s a terrible 
business idea because you end up 
pouring all this time into something 
you’ve got.
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You’ve got to make it work, and in 
the end, you do, and that’s how you 
survive. Well, that’s how I’ve survived 
anyway.
PL It terms of the material, do 
you source raw materials and dress it 
yourself?
DW Yeah we do all that here. 
And I buy as best as I can, I buy whole 
trees.  I buy the whole tree and get 
them to mill it and dry it how I want 
them to do it, and I’ve got a couple 
of people that I use and have for 
a really long time.  They are good 
and have become real friends, and 
you’re really dependent on them.
You’re dependent on them to find 
stuff for you and drying Australian 
timbers is a specialist field, especially 
the kind of more marginal species 
that I’m interested in and small lots. 
The skills that are necessary to do that 
are not easily obtained, and the guys 
that do it are good at it.  You stick with 
them, and you trust them because 
you know, for instance, I was talking 
about blind mitred dovetails, I mean 
there’s all sorts of consequences to 
making furniture, solid timber furniture 
out of difficult Australian timbers and 
drying it properly is an enormously 
important part of it.  So, you’re in their 
hands.  So you could do all that you 
know all of the processes, you can go 
through your design and your making 
and do everything, but if it’s not 
dried properly, you’re in big trouble. 
 
PL Do you chose a specific 
part of timber, for particular 
aspects of your design? 
 
DW Absolutely.
In the trunk of the tree is a whole 
range of graphic possibilities 
and that’s an enormous part of 
the craftsperson is being able to 
understand the grain, understand the 
graphics of the grain and to use it in 
a way that’s the intangible aspect 
of it.  Is to make those decisions 
and to make good decisions and 
particularly with Australian grains 
which are, particularly expressive in 
grains and so being able to have an 
aesthetic gift for assembling grains 
and understanding the way the tree 
works. The way the grain pattern 
appears in the tree and how you 
can match and how you can do all 
that.  It’s a study. It’s something that 
you learn by doing it and seeing 
where all those patterns are.  But it is 
also something that I feel like I have 
been lucky with to have affection or 
an ability; that’s the bit that you’re 
lucky to have or not have.  And 
plenty of people have heaps of skill, 
and they can do stuff, but there’s a 
sort of lack of composition ability in 
their relationship with timber.  And 
so you see the tree, the whole tree 
and then the process is that you have 
a whole cylinder, you cut it into flat 
boards, and then you reassemble it 
in some sort of way and yes you use 
the different parts of the tree both for 
different technical reasons in terms of 
wood movement and gluing ability 
and all sorts of things like that but also 
in terms of their expressive grain.  
PL How about the finishes to  
the timber?   
DW Yes.  The finishing.  And the 
finishing that I do is all oil finishing and 
tunnel oil finishing and some wax but 
mostly oil.  And they say it’s an organic 
hand finish and it’s a more beautiful 
and more engaged finished.  You 
are actually touching wood, it’s not 
an industrial product.  One of the 
things I lament is the sort of triumph of 
industrial finishing.  Like people have 
on their dining room table will have 
the same polymer finish that is on 
an aeroplane seat.  You know that’s 
going to sit, you know how many 
million people are going to sit in that 
seat?  How are many million people 
going to sit at your table?  It’s not 
going to be the same. You can afford 
to have oil.  You can afford for it to 
mark.  I don’t mean money afford, 
but life afford.  Like we’ve taken 
industrial petrochemical finishes 
that were developed for industrial 
purposes for corridors, hallways, 
public buildings, airports and we take 
those and put them in our living room. 
Why would you want to touch those 
materials that are developed?  There 
great materials and we need them 
when you are going to put millions of 
people across it, across your floor, but 
why would you think your floor has 
got to look like that forever?  Why is 
there this aesthetic value, you know 
what I mean, why choose that? 
You’re basically putting clear plastic 
tiles over your wood because it’s 
gotta look like that.
It’s got to look like an airport.  I’d 
prefer to go to an airport where the 
airport looks like an airport and then 
go home, and your home looks like 
your home!
PL So, appropriateness of the 
finish and appropriateness of the 
touch.
DW Yeah.  And I know and 
not to confuse the point, they are 
fantastic finishes.  You know to make 
a material that can have millions of 
people across it and it barely marks 
is incredible.  It’s incredible chemistry. 
It’s incredible engineering but utterly 
inappropriate for your hallway.  That’s 
gonna have, what’s the average 
family 3 people walking up and down 
it.  Anyway!
PL On the question of craft, 
what it is craft for you?  For your 
practice?  How would you define it?  
DW It is a tricky question.  I think 
for me, go about it a long way, I 
have been drawn into is problem 
solving.  That’s what I like about it, is 
the constant problem solving and the 
imaging of how to resolve problems 
and from that initial sort of need, I 
need a table, how do I do it, I imagine 
it, draw it and then go about making 
it. The process of coming to terms 
with your own imaginative capacity 
and your psychical incapacity to 
realise it.  You know your lack of 
choreography. You know your failed 
movements and impatience.  An 
example of that is…Well, years into 
starting doing this I made a decision 
that when I’ve been trying to fit 2 
things together that the moment I 
pick up the hammer to bang, to hit 
them together that I would just stop. 
That I would not allow myself to, you 
know I can tap it but not really hit 
it, and that’s like your whole body 
wants to hit that thing and make it fit 
together.  You teach yourself not to 
do that because the results of it are 
always bad.  It’s always a problem, 
you get to it, and it might go in, but 
it cracks.  You know there’s always a 
problem. 
So, for me, craft at a really personal 
level is overcoming that desire.  It’s 
thinking ahead of yourself in terms of 
your movements and knowing when 
you are going to make a mistake. 
Here it comes!  Here it comes and 
stop yourself.  And the joy of being 
able to have that level of self-control 
over your movements and the way 
that then releases your design and 
releases you from the mistakes.  For 
me, that’s what I find.  I don’t find that 
anywhere else.  There’s a pleasure in 
that.  And you know on the one hand 
that’s the sort of psychic desire in 
craft and on the other hand for me 
craft is about having that, you know 
the physical creative, intellectual 
relationship to materials and my 
daily life.  You know to have a life 
where every single day I get to make 
stuff.  To me, it’s full of design, and 
increasingly I think of myself more as 
a designer because, I don’t know 
why that is happening, but to me 
have a world where I make stuff 
and craft things and be part of that 
physical, creative process is really, 
really important to me.  I don’t know 
if that’s a definition, but I kick myself 
sometimes that I make stuff, deliver it, 
give it to people, they give me money 
and I keep doing it, and sometimes I 
think how did the hell that happens! 
Sometimes I feel that in a negative 
way. Sometimes I feel like God you 
know this is crazy but most times I think 
you know somehow, I got through 
the eye of the needle and can get 
away with actually doing what I like 
doing.  Turns out I’m alright at it and 
least alright enough to keep doing it. 
PL Is this the reason why you 
think technology would never enter 
your repertoire of work?  Because 
you were talking about how it’s very 
different from your practice.  
DW I think that’s much more 
about my particular problem-solving 
capacities than it is about the nature 
of the work – digital versus analogue. 
I think there will be people out there 
who have a similar relationship to the 
digital world and they can use that 
world, and they can think about it. 
My father’s like that.  He’s mad on 
the computer world and he can kind 
of walk through it in his mind, and my 
mind is just not, it just doesn’t work like 
that.  I don’t get it.  It’s not something 
that inspires even my children and 
me; they relate to phones and to 
computer technology in the way that 
I would relate to a new band saw.  I 
would never argue that I don’t like 
machines.  I love machines.  But I 
love cobbs.  I love belts.  I like, it’s not 
quite steam, but I like the sort of you 
know the analogue world.  So, what 
I am getting at is I am sure people 
who have a thoroughly creative, 
expressive and mobile problem-
solving relationship to the digital 
world, digital design and digital craft, 
I’m sure they can think and create in 
that way.  I just don’t think that’s me.
PL Do you think there is a future 
for the digital in fine furniture making 
and how it would change the nature 
of the business?
DW I think yes for those that do 
it very well, and that can provide 
the sort of sense of authenticity that 
clients seem to be seeking at the 
moment in craft.  I think if you can 
do that through a digital practice, 
I think that’s fine.  These may be 
completely wrong but my feeling 
is there is a resurgence in a craft 
revival if you like because people 
want the handmade and they want 
the connection to it, and I think they 
want the commerce that comes 
from it too.  I think they want the 
consumer relationships that you can 
get through having a relationship 
with a designer and a maker.  I am 
sure that there will be practitioners 
that can incorporate the digital world 
into that.  I do know people who do it 
and do it very well.  
My feeling is that most, like for 
instance 3D printing that at the 
moment that is seen as very cool and 
groovy but I actually think the point of 
differentiation for craftspeople is that 
they get their hands dirty and that we 
are in interesting moment historically 
and that’s actually become exotic. 
You know it’s an exotic experience 
to bend your back. That all that work 
is being done for us somewhere else 
and that if you can make a digitally 
3D print out of a chair something very 
quickly, that will be done somewhere 
else.  You know you are kind of 
creating a world for yourself that’s 
going to be exported straight away, 
and you know where this is actually 
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much harder to get rid of in that way. 
You can’t have this level of flexibility 
and adaptability and relationships 
with materials to individual clients 
and do all that type of stuff with 
you know in another country.  You 
know there is an intimacy about this 
process.  Now at the, moment, there 
are people who want that.  There are 
people with money who want that. 
That luxury is now about authenticity. 
It’s moving that way.  It’s not so 
much about brands it’s that people 
with money can afford to privilege 
this kind of production and in a way 
there less interested in the branded 
nature of the objects that they buy 
and their more interested in this sort of 
bespoke, the luxury of the bespoke. 
But that will go again. That will come. 
That will go.  
Like when I started, craft was a dirty 
word.  Ask Malte.  And those that stuck 
by it in a way got skilled and stuck it 
out are reaping the benefits now 
because you know everyone wants 
to be a craftsperson now.  But that 
won’t last.  That will go.  I don’t know 
what they will want to do. Next, I don’t 
have capacity, but it’s kind of nice 
that they want it now.  It’s interesting 
to see the sort of the fact that there is 
a resurgence in it. What it offers, the 
identity and I think really going back 
to your digital question, I think really 
where the survival of craft practice 
and the thriving craft practice of 
the present and future in terms of 
digital technology, where I see the 
real benefit of it is in communications 
technology. The younger guys and 
girls that are starting out, the way 
they can get their message out 
there, get their product out there, 
get it, move it and get stuff made 
overseas.  You know the sort of liberal 
fluid problem-solving aspects and 
finding markets.  Like that’s where 
the capacity, the enormous potential 
for digital technology rules and I 
think that’s where the generation 
that follows mine will have a massive 
advantage over, or already do have 
a massive advantage in the long run 
over a practice like mine is because 
they’ll just see that digital world and 
that communication world so much 
more as a whole.  In the way that I 
will see the tree and all the grain and 
I can unpack it. They will let you know. 
But at the same time, they’re going 
to have to spend a lot of time doing 
Facebook, Twitter and all the time 
you are spending doing that you’re 
not practising.  You’re practising 
something else.  But you can’t get 
into an orchestra without knowing 
how to play the instrument.  And 
that’s the nature of this thing. That’s 
the movement argument.  That’s the 
choreography argument.  You can’t 
be a dancer without learning how to 
dance. It takes you a very long time 
to learn how to dance in the ballet. 
Anyone can jump up and down but 
actually to sculpt your body in that 
way and the same with music, it takes 
a very, very long time to get good at 
it.  I guess the danger in something 
like this is you spend all the time 
getting good at it and meanwhile 
because you are not good at the 
communications technology the 
world just overlaps you in a way.  And 
I have no interest in any of that.  I’ve 
had no interest in Facebook.  I’ve 
got no interest in Twitter.  Most of the 
things I say I regret later so why would 
I want to write them down  
PL It is incredible to listen to 
what you have to say.  I have a 
practice of my own, its an architecture 
practice with a workshop.  We have a 
CNC machine, so we do small scale 
CNC production.  We often work 
with furniture designer to help them 
prototype their design.  So it’s kind of 
a strange relationship because we 
are not wood workers. We don’t have 
that incredible depth of knowledge 
like you, but we can operate the 
machine incredibly well.
DW Well I think the real strength 
is having collaborations and some of 
the best work that I’ve done both in 
terms of the outcome and in terms 
of the enjoyment that I’ve got out 
of it at a creative level and a craft 
level is when I’ve collaborated with 
architects and designers that are 
free of the physical imaginative world 
that I am in.  So, my mind is always 
thinking about how to make it.  You 
sit down with architects and they’re 
not thinking about how to make it. 
That’s not a bad thing, that’ a great 
thing because then all these sketches 
come out and I have a friend, a 
colleague, and we’ve done a few 
things together, and I love it because 
he just moves so quickly.  The ideas 
just come out ch, ch, ch, ch.  And he’ 
not like, I’m going clunk....oh yeah 
but how do you make it and then 
when he’s in full flight then I will join 
him, and I’ll jot how you make, and 
we can just enjoy that moment and 
be fluid like that and then, later on, I 
worry about how I’m going to make 
it.  
The problem is the sort of hostility 
between the two and lots of makers 
that I know hate working with 
architects, they hate that, you know 
they hate that.  I love it.  You work out 
very quickly which ones you can work 
and can’t work with, and I’ve made 
mistakes along the way but that 
process was one person has a set of 
skills that are outside your set of skills, 
that should be a powerful thing.  Not 
an inhibitor.  That’s a good thing.  
PL Damian, thank you.
[END]
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PL Steve, you have a 
fascinating practice. You are 
both Tiger Angel, making custom 
motorbike wear and 3d-Inflate which 
produces a lot of inflatable structures 
we saw in festivals.
SH and sculptures. Goodness 
knows what you call them, yes.
PL How did the two quite 
different practices came about?
SH Well the motorcycle leather 
comes first.  I have always made 
clothing so I was at university studying 
and I sort of had to pay my way 
through. I was making custom-made 
ski jackets for people.
I was selling them quietly and just 
making a bit of money to survive. 
Then, I started racing motorcycles 
and decided to make myself a set 
of leather wear. I was working for 
Mountain Designs in those days, 
sampling and making things like that, 
so I made a set of leathers up at the 
work room. I just started doing it out of 
the back room of my house making 
custom made motorcycle leathers.
And then, that took off!
PL How about the 3d-Inflate?
SH After you have been in the 
rag trade for umpteen years you 
start getting a little bit sick of it, and 
I needed to do something just for my 
own enjoyment more than anything 
else. There was a music festival that I 
really like, and one of the organisers 
of the festival said to me: ‘we really 
need to do something about some 
public art at this festival’ and I 
absolutely agree. He said, ‘good 
you’ve just been volunteered’.  And 
so, we made this (pointing to an 
image on the wall) the first inflatable 
that I ever made which was this 
translucent digitally printed set of 
arches that came out of the ground. 
We trenched it all in so it just looked 
like they were growing out of the 
grass.  It was quite magical actually.
PL When was this?
SH 2001, something like that.
PL So, 3d-inflate has been 
going for 14 years now? How do you 
learn how to make those structure? 
Through training?  
SH No.  It was just osmosis.  I 
started making garments for ski 
wear and then started making the 
motorcycle leathers and outdoor 
clothing and things like that.
PL So when did the digital 
aspect started for you?
SH When I started, there was 
no such thing as digital pattern 
making.  It didn’t exist at that stage. 
So, we were pretty early adopters, 
and we started doing the custom 
graphics on motorcycle leathers on 
an old Omega computer.  Do you 
remember them?
And then we realised there was CAD 
software around for clothing.  So, 
then we started designing in CAD 
and then immediately switched over 
to CNC cutting as soon as we realised 
that was the way to go.  
So, we leapt into it, boots 
and all.  Went straight from 
cardboard patterns to digital. 
That’s a bit earlier than in 2000. 
PL Alright that’s actually quite 
pioneering as there weren’t many 
people doing digital pattern making 
at that time?.
SH The first CNC table that 
we’ve got was one of the very first 
that was used for leather cutting in 
this country.
PL A custom machine?
SH Custom made machine, 
made in Australia by an engineering 
company.  They were making 
packaging cutters.  Sample cutters 
for the box making and packaging 
industry. They made a modified 
version of one of their machines for 
us. And, they are still going strong. 
They are doing really nice work.
PL Do you think your technique 
has changed over the years? 
Switching from hand making to 
digital; potentially the workflow is very 
different.
SH Yeah it’s interesting - one of 
Steve Howden
Semi-structured Interview 
Interviewee: Steve Howden (SH)
Conducted by: Paul Loh (PL)
Location: Studio in Reservoir, Melbourne
Date: 19th August 2015
Time: 6pm
Length: 43min
326
the difficulties making zoned goods 
or welded goods in this country is the 
single highest cost: labour. So, the 
thing about going digital has meant 
that we have been able to make 
it a lot easier for the people on the 
machines to get the work through the 
machines.  So, we really speed a lot 
of it up by making everything super 
precise.  So, there’s not so much 
guess work by the people on the floor 
and things like that. 
Well if you were doing that, 
traditionally you’d have lots and lots 
of really slow processes.  Trying to 
match a pattern up and getting it 
all to fit and all the rest of it. Whereas 
with the digital pattern making it is a 
hell of a lot faster.
We modularise as much as humanly 
possible.  There is absolutely no point 
in re-inventing the wheel when you 
don’t have too.
PL Tell me about your pattern 
making process. Do you start by 
making your own pattern or do you 
adopt the pattern from somewhere 
else?
SH All of our patterns are 
completely and utterly our own, 
from scratch.  A lot of that library of 
initial information came from the old 
fashion way of doing it which started 
off with a shape, modify it, go back 
to the pattern.  So we have a huge 
library of cardboard patterns, and 
it was massive, we had a great big 
catenary wire strung up through the 
factory.  It was just miles and miles of 
cardboard on it.  Absolutely terrifying. 
We had one of the catenary wires 
break one day, and it was like a 
bloody tree fell down.  We then 
digitised all of those patterns to 
maintain the history of stuff we had 
done.  So that was the basis for it.  
These days when we develop a 
new style, we do it in a completely 
and utterly different way.  So, in 
the old days, you would start with a 
guesstimate of the 2D pattern.  You 
would make something up and put it 
onto a fashion dummy and then alter 
that and iteratively improve it that 
way.  These days what we do is go 
from a 3D model and work out where 
we want seam lines and details and 
so on. Then we flatten out the pattern 
from the 3D model and its spot on.
PL And these are scanned 
models of the body or 
SH Oh they are parametric.
PL I have worked with you 
before, so you use Rhino, and  T-Spline. 
Last time you told me, you also make 
yourself own custom-made software.
SH Yeah. All of our stuff that’s 
used for flattening things out, so the 
modelling stuff is relatively standard. 
We don’t do anything particularly 
peculiar there.  We model just like 
everybody else models in 3D.  Where 
we are unusual is our flattening 
routines.  So, we have our own 
custom routines for that.
PL How did the process 
evolved over the years?
SH It was a bit of quantum 
leap in that there was no point of 
modelling things in 3D if you couldn’t 
flatten them out.
Otherwise, you just have things on the 
screen which is the world of people 
who design things on screen and 
never actually make them.  This is 
hardly much use to us because we 
actually make things. 
So, we started doing some research 
on how to actually go from a 3D 
model to flat pattern - that was sort 
of the holy grail at the time.  There 
were people running around trying 
to do it everywhere, and none of 
it was terribly successful.  There 
were a lot of attempts of going the 
other way looking at the traditional 
garment making model - here is my 
flat pattern, stitch it together and 
collapse it onto a 3D model to see 
how it will hang.  And that was quite 
handy.  But it certainly didn’t allow 
you to go from the 3D model and 
flatten back out.  These days there’s 
quite a lot available.  There’s Exact 
Flat, for example.  Hitting the industrial 
textiles market, car upholstery and 
industry like that hard.  There’s a fair 
bit of stuff around now. But when 
we started doing it, there wasn’t 
anything available.  There was only 
stuff that was capable of unrolling 
developable surfaces. So, in other 
words, a cylinder or a box or a cone. 
So primitives that are developable 
and funnily enough most people 
aren’t shaped like that.   And certainly 
not the inflatable sculptures we do. 
They’re not shaped like that either.  
PL Obviously the material also 
plays a part in it because when I 
was interviewing Brendan Dwyer, the 
shoemaker, he was talking about the 
structure of leather.
SH People who are used to 
working with synthetic fabrics have 
this nice roll of fabric that behaves 
exactly the same way, all the way 
through it and you know exactly 
what it is going to do.  Whereas 
cows are awkward things and the 
fibre structure is different through 
different parts of the hide, so you will 
have different stretch characteristics 
in different directions depending 
on where on the hide you’ve cut it 
out from.  So, when we’re cutting, 
even though we cut electronically, 
its interactively nested. We have 
a system that scans the hide and 
brings it up onto the screen where 
the operator then nests the pattern 
pieces electronically but still using 
human interaction because they 
know yes the hide has more stretch 
here and it’s denser here in the neck 
and got looser grain down the belly 
and so on and so forth.  So they 
actually interact with the automatic 
nesting to make sure that the right 
piece is going to the right place and 
stretch goes in the right direction.  So, 
there are still humans involved.
PL So, the knowledge you 
have in understanding the materials 
is feedback through the nesting 
process.
SH It’s probably possible to start 
zoning the scans of the hides and 
getting that to nest automatically, 
but hides are so variable.  Every 
single cow is different, and we found 
that it’s best to let the human look 
at it and make the appropriate 
judgement.  So, it’s better just to have 
the human there doing that.  If you 
could automate it, that would be 
great.  And I think with a lot of heavily 
corrected grain upholstery hides and 
so on you could fully automate it. 
With high-quality full grain leathers 
and particularly with something like 
garments you really wouldn’t want to 
be doing that.  And there is a safety 
aspect too with what we do.  
PL What do you mean?
SH Well people wear our 
garments and then jump off their 
motorcycles. So we do need to make 
sure that we use the strong parts of 
the hide in the right places.  Whereas 
an automated system might cock 
that up.
PL Yes.  And it would 
also probably be extremely 
uncomfortable if the structure is all 
wrong?
SH Yeah it would just make it 
ugly more than anything else.
PL Do you consider your 
practice as a craft practice?
SH That’s an interesting 
question.
PL Because in a way you make 
things.  You make beautiful things. 
You make very precise things.
SH There’s an enormous 
amount of craft in what we do, and 
there is an enormous amount of 
technology and engineering as well. 
There is also a lot of art in what we 
do.  A lot of design.  I wouldn’t say, 
I consider myself a crafts person 
because of all those other things that 
we are.  So yes, there is an enormous 
amount of craft in it, and that’s one 
of the things that’s great about this 
sort of manufacturing in that you 
can’t replace it with a 5 axis Kuka 
robot.  You just can’t. 
Lots of people have tried but flexible 
goods handling and construction, 
there’s just too many variables.  Well 
at the moment there are too many 
variables for a robot to handle it.  So, 
in garment manufacturing or any 
sort of flexible goods manufacturing, 
when you automate things you 
automate what you can get the best 
benefit out of.   And cutting is one 
of them for sure. Repetitive stuff.  So 
super repetitive stuff that’s where 
automated pattern trackers and 
things like that come in.  If you’re 
going to be putting exactly the same 
pocket on exactly the same place to 
make an umpteenth thousand pairs 
of jeans, that’s where an automated 
machine comes in really well.  So, it 
will automatically pick up the pocket 
and stick it in the place and stitch it 
down etc. There’s no craft in that, 
it’s just production.  The only way 
that you can have, a manual labour 
production house survives in this 
climate is you have to do things that 
can’t be done as a production run. 
You have to have that input from 
skilled people.  So yes, there is a large 
amount of craft.
And, everything single thing we do is 
custom.  Everything.  
PL We’ve already kind of 
touched on this  - the idea of tools. 
As you’re using a custom script to do 
the unrolling process, you are already 
making tool.  Are there other tools 
you make for your practice, digital 
tools or physical tools?
SH Physical tools - we produce 
a lot of our own customised bits for 
machinery.  So, a lot of our machines 
are heavily customised based on 
what we need.  We will set them up 
so they will work for our particular 
niche need.  We do build a lot of 
tools.
Lots of jigs but we modify existing 
machines. So, we will gut one 
machine and turn it into something 
else and things like that.
PL Can you give me an 
example?
SH Converting a twin needle 
machine into a machine that will 
actually do corner tacking.  Ah, that’s 
not very exciting.  It’s all little stuff 
like that.  So, we will take an existing 
machine and modify the hell out of 
so it does our specific needs.
PL Does that allow you to 
explore different techniques? 
SH Yeah it does.  We’ve done 
everything with our machinery 
possible to make them very flexible 
so that we try and keep the number 
of machines we need down to a 
minimum.  Unfortunately, we’ve got 
lots of them because there are so 
many different processes. We like 
to have work go through machines 
and have different processes that 
happen to them on the same 
machine if possible without having 
to slow the process down by having 
to change.  So, everything’s about 
rapidly changing existing machinery 
so you can swing another guide in 
or swing another system in so that it 
will do something differently.  So, we 
have lots and lots of quick change 
jigs and things like that.
PL Do the tools and techniques 
influence the design process?
SH That’s actually a danger 
there.  Okay, I am jumping ahead of 
myself here.
So as a “hands-on” manufacturer I 
tend to design knowing how it is going 
to be produced at the end, so I know 
the constraints of the manufacturing. 
I design with that in mind.  
As I said, the danger is you can 
constrain yourself.  So, someone who 
is ignorant, so a lot of people out of 
design school are classic examples. 
I use the word “ignorant” unfairly 
there, just they are unaware of the 
manufacturing process. It’s good to 
have them around saying “why can’t 
we do this?”  And then, it might turn 
out that you really can’t.  But it’s also 
a good idea just to keep your ideas 
fresh rather than going, no this is 
the process available therefore we 
can’t do this. That’s what I mean 
dangerous.
PL I am trying to understand 
the relationship between how 
makers reinvent or manipulate tools 
to increase their techniques and 
repertoires.  It sounds like you are also 
building up libraries of techniques so 
you don’t want to lock yourself in, but 
every time you make a new tool you 
are trying to open up that relationship 
again.
SH A lot of it is process based. 
So, a lot of innovation comes about 
by doing - what can we do with the 
resources we have - you build the jig, 
or you modify the machine, or you do 
whatever is available that allows you 
to do it.
PL, Do you reuse jigs from another 
project?
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SH As much as humanly 
possible.  Having spent so long in 
the rag trade which has got profit 
margins, you can measure with a 
micrometre.  We are pretty good 
at making sure that we don’t waste 
anything.  If we’ve already done 
a process and we’ve got it set up, 
and we know that you don’t have to 
spend 5 hours getting up to speed on 
it – bang we use that!
We standardise and modularise as 
much as humanly possible.  We re-
use ideas all the time too.
So for example, what did I do just 
recently?  So I had to model up this 3D 
bull. So there is no point in completely 
starting from scratch. So, a bull is 
a four-legged animal so I’ve done 
a lot of four-legged animals in the 
past and I’ve learnt over the years 
that as you build up a 3D model or a 
process the initial building blocks of it 
can be used as something else.  So, 
whenever I am designing something 
new I will always save out the generic 
form I suppose.
So I’ve got what would be a 
useful topology later that can be 
customised.  So I don’t know then just 
motor over the top of that.  I will save 
out that based topology and keep 
it as a building block which helps 
to speed things up enormously.  No 
point reinventing the wheel.  Four-
legged animals are all pretty much 
the same.  They’ve all got four legs.
So, with clothing that’s very similar.  If 
you’ve just spent weeks and weeks 
tweaking a sleeve line and the way 
something hangs and all the rest 
of it you are not going to start from 
scratch again now are you.
PL Does different material 
change the way you practice?
SH Yeah it does.  So, like 
clothing, the type of leather we are 
using will inform the sort of design 
that you do.  So different leathers 
have got different textures, got 
different feels and different technical 
characteristics but that’s different 
again.  With fabrics, a good example 
of how things have changed has 
been the recent flood of really, really 
high-quality digital print media and 
I get excited every week because I 
get another fabric that’s available to 
me. 
PL This goes hand in hand with 
some of your 3D painting?
SH Yes.  We digitally print a lot 
of stuff now.  For example, I am doing 
a repeat of a job we did a while back 
which we originally made as a blank 
white object, and then a scenic artist 
spent four weeks on a bloody great 
ladder carefully airbrushing all the 
texture into it, and he did a brilliant 
job.  It’s absolutely gorgeous but we 
are re-doing this job, and we are 
digitally printing it this time.
The incredible depth and complexity 
of texture that you can build now 
are mind-boggling.  So I use a lot of 
procedural textures, and I’ve got a 
huge library of things that I’ve started 
building up, so I can now create 
super perfect glossy fish scales that I 
just couldn’t pay a scenic artist to sit 
there and do.  They could do it, but 
they would be stark staring bonkers 
by the end of it, whereas I can lay 
in giraffe fur from photographic 
references and blend that in and … 
The level of complexity you can get is 
much, much greater.
PL So, digital media is critical to 
your practice?  
SH Oh we couldn’t do it.  It’s 
diabolical being a manufacturer in 
this country.  Now if you look at the 
statistics of manufacturing, it’s just 
been on a steady downward slope 
in this country to the point where it’s 
almost extinct.  It’s a disaster.  That’s 
because our cost base in this country 
is so high.  It’s just ludicrous.  Primarily 
housing of course and that feeds back 
into wages, so you know if people are 
actually going to survive you have to 
pay them enough so that they can 
pay their rent and mortgages are 
so absurd in this country that any 
industry that requires labour is getting 
its back kicked.  
PL So you think with the 
digitals technologies it gives small 
scale manufacturers like yourself 
an advantage over large scale 
manufacturers especially overseas 
competition?
SH That’s a really complicated 
question because it depends on 
where the advantage lies.  So, I think 
examples are the best way to cover 
that one.  If we are talking about 
repetitive manufacturing that can 
only be done by human labour, then 
it’s a race to the bottom, its lowest 
cost.  Already Chinese manufacturers 
on the coastal manufacturing 
hubs, they’re already losing work 
to Bangladesh, to Vietnam and 
Sri Lanka.  So, they’re losing work 
already because their cost basis has 
gone up.  The whole global economy 
of cheaper is best is just driving things 
to the lowest cost centre.  That’s that 
side of things where your labour input 
costs are high.  
The difficulty with those sorts of places 
is they can’t do one-offs.  They just 
can’t. The number of people they 
would have to throw at it would 
knock the advantage they have 
of low labour costs on the head. 
Where manufacturers in developed 
countries still have a place is with 
highly customised low unit run flexible 
manufacturing, and that’s where the 
digital comes in.  Digital does give you 
an advantage with flexibility so for 
example in the old days with leather 
we would have metal dyes set up and 
big hydraulic press.  We would cut 
out pattern pieces.  The enormously 
efficient way to cut leather.  But if you 
want to change it, you have a whole 
bunch of metal dyes to change, and 
that’s not very efficient.  Doing one-
offs is terribly difficult that way.  I think 
flexibility is the whole key to using 
digital properly.  When people often 
think about automation, they think 
about spitting out 5 million items, and 
that’s efficient whereas in fact, the 
only way forward for manufacturing 
here is highly efficient single piece 
customised units. 
PL That’s very interesting 
because you are just basically 
describing the opposite paradigm to 
the 1960’s notion of mass production 
where technology has, in fact, shifted 
the whole manufacturing, at least 
within an Australian context from the 
mass, to the unique, to the custom.
SH So automation allows 
manufacturing businesses to 
produce repetitive goods very 
efficiently and very cheaply with high 
capital costs and low labour costs. 
The whole question of what that 
does to society if you have nobody 
employed – is something I will leave 
to an entirely another subject.  But 
automation certainly has its place 
that takes advantage of digital and 
automation will do very well. Places 
that use digital to produce highly 
customised things will do very well.
PL Do you see this as the future 
of making?
SH Certainly is for me. I am also 
always surprised at what people do, 
so who knows.
PL In the last few years, there 
is increasingly more and more local 
manufacturing facilities around the 
world, Fablab in Barcelona for the 
DIY maker, is one example. There’s 
Autodesk Pier 9 in San Francisco 
which is aimed at a higher level of 
research and making.
SH A little bit of the rigorous 
discipline that old school mass 
production gives you is almost 
essential if you want to be a 
manufacturer.  I see a lot of these labs 
and design hubs and things like this 
around, and they can’t make a thing 
to save their lives.  They’re very good 
at pushing a button and printing 
something out on a 3D printer but 
no actual fabrication or engineering 
nous or anything like that. That’s a 
real danger.  So, a lot of it scares me 
that it’s not grounded in real-world 
testing and real-world requirements. 
The toy end of the 3D printing industry 
I think is probably what I am alluding 
to there.  
We used to have a situation where 
people getting through university 
would go and get a job somewhere 
to help pay the rent and all the 
rest of it. Often those jobs were in 
manufacturing places, and they 
learn all sorts of skills that could help 
them along through their university 
careers and then into whatever they 
did.  
If I’m hanging off the side of a building 
and getting a sculpture into place, I 
would like to know that the brackets 
I am bolting on weren’t made by 
somebody who’s in a “fablab” 
printing them out on a 3D machine. 
I want to know that someone knows 
about weld penetration and things 
like that.  Just that sort of reverence 
for the skill which I think we are 
throwing away.  A lot of the old and it 
gets back to craftsmanship I think, are 
incredibly valuable.  I don’t think they 
are given the value they deserve.  
There’s an enormous amount to 
be said for experience.  There is an 
enormous amount to be said for 
the old school way of passing that 
experience on.  We used to have 
apprenticeships.  So, a young kid 
would come along, and some crusty 
old bugger would make their life a 
misery and torture them for three 
years as an apprentice, but they 
would learn something. They would 
learn genuine old school experience. 
The sort of thing that tells you “no 
mate that’s going to break”.  
PL How do you pass on your 
knowledge?  Do you also have an 
apprentice?
SH Yes.  I teach, and I really 
like doing that.  So, trying to get that 
knowledge passed on is a question 
of having the right people around 
you.  I’m really lucky, I’ve got really 
awesome people who like to learn. 
PL It is well to have an 
apprenticeship system but how 
do you learn it all given that you 
incorporate the digital aspect so 
early on?
SH That’s probably why I am 
who I am in that I was keen to try and 
work out how things worked. Going, 
well this must be possible.  There must 
be somebody who can work out how 
to do it. You keep hunting until you 
find someone who can do it.  But how 
did I get to the point where I learnt 
a lot of things?  I don’t know you just 
keep trying to make things.  You know 
what it is you want to make.  Ask any 
artist how they do it? It’s the same, 
you just struggle on until you work out 
how to do it.  I think you just need to 
be persistent.
PL Was you computationally 
trained?
SH When I did my Science 
Degree, I did a Physics Degree way 
back, computers were mainframes 
and any logic that we needed for 
controllers, we have to wire them up 
as a sequence. As an experiment, we 
hard wired the damn thing because 
we just didn’t have PCs. They just 
didn’t exist. I didn’t learn that sort 
of coding.  I taught myself a bit of 
coding later on just through necessity 
and because I liked it.  I found it 
interesting.
I am hideously biased, but I think 
everybody should do a Physics 
Degree.  The great thing about 
physics is that it used to be called 
natural philosophy, the School of 
Natural Philosophy at the Melbourne 
University then it became School of 
Physics.  It’s how to think.  The whole 
process of thinking.
PL Thank you very much, 
Steve.
[END]
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C. Teaching and 
Learning Research
As part of my research into making as a generative activities, 
I conducted a anonymous survey with students to understand 
how they learn through making and digital technology. Sample 
of the survey is shown in figure C1. Below is an analysis of the 
results. Part of the writing is previously published as a book 
chapter in, Advanced Learning and Teaching Environments, 
edited by Núria Llevot-Calvet and Olga Bernad Cavero. 
I would like to present the initial results from a questionnaire 
as part of my on-going research on the use of technology in 
teaching and learning. The questionnaires were answered 
by students from both design studios. The questionnaire 
aimed to capture the students’ perspective of learning using 
technology and understand their views on tacit knowledge as 
part of their learning experience. The invitation to participate 
was sent between 2015 and 2017 to about 100 students, of 
which 34 responded (approximately 33% response rate). The 
questionnaire was anonymous and voluntary, conducted as 
an online exercise using SurveyMonkeyTM.
3.3.1. Technology in design learning
We asked the students how technology affected their design 
process (refer to Figure C1.1). As the participants could choose 
more than 1 answer, 97% of them stated that it opened up 
design opportunities and increased the sophistication of their 
project; 59% said that it expedited their process, 6% said that it 
slowed down their design process and restricted their creativity; 
and 15% provided alternative responses, one of which is given 
below: 
It takes time to grasp the way how technology works. 
Sometimes, it’s hard to come up with a coherent way 
of designing through hands and through software. The 
balancing between the two can be time consuming. 
However, this balancing can be both beneficial and 
hindering. Beneficial: make a more precise design. 
Hindering: the translation between two worlds can be 
difficult.
This is an interesting response as it highlights what the author 
believes is the typical struggle in learning and integrating 
technology in design teaching. This comment also highlighted 
that in technology teaching, there ought to be a more seamless 
Figure C1. Anonymous online survey 
administered to students. Questions 
cover tacit knowledge and their 
learning with technology.
332
workflow between the hand and technologically aided design 
process.   
With regard to the question on learning new technology during 
the design studio, bearing in mind that all respondents attended 
it for 12 weeks, 62% said that while it was time consuming, it 
was also manageable, and 29% said that it made the workflow 
easy. What is surprising is that none of them said that it was 
too difficult and unmanageable. Three participants provided 
alternative responses; they suggested that the design period 
of 12 weeks should be extended. This suggests that the pick-up 
period for new technology is longer at the start of the design 
process, leaving the students with less time towards the end to 
complete the project to their satisfaction. 
3.3.2. Tacit Knowledge and Critical Making
Through physical making in the case studies, the students 
applied and enacted tacit or embodied knowledge. In the 
questionnaire, the students were asked to evaluate their 
understanding of tacit knowledge gained through their design 
project. The 33 responses collected (1 skipped) are outlined 
below:
• According to 18% (6 out of 33) of the responses, tacit 
knowledge can be applied to both digital skill and physical 
making skill.
• According to 57% (19 out of 33) of the responses, 
tacit knowledge includes an understanding of the practical 
application and limits of tools, materials, and techniques.
• According to 30% (10 out of 33) of the responses, 
tacit knowledge facilitates design opportunities and 
experimentation.
It is interesting to note that 18% of the responses highlighted 
digital skill set as part of tacit knowledge and almost half of 
the response saw evidence of their tacit knowledge in their 
prototype; included in this category are participants who 
understood tacit knowledge as a means to perfect their 
control over the CNC tools, materials, and techniques using 
phrases such as “limitation of the CNC machine”, “tolerance 
for 3D printing or laser cutting”, “more accurate making”, and 
“manage the curvature and behaviour of the material”.  
The final category of response discussed both the practical 
application of tacit knowledge as well as how it enables 
and facilitates the design process through opportunities and 
experimentation. Two examples are listed below:
I have without a doubt gained tacit knowledge throughout 
our design project. Such high- level skills in regards to 
computer technology and digital translation can only be 
learned through experience and implementation.
Tacit knowledge has been a definite part of the learning 
experience. Given that this was my first real project 
involving something of this scale to be constructed; many 
errors were made along the way that could only be done 
so empirically. The process of craft-making enabled me 
as a designer to consider a multitude of factors that 
often times goes unnoticed when bound to the digital 
dimension, such as gravity, scale, and environment. For 
example, the final second skin, owing to the sheer number 
of panels that made up the final form, proved to be very 
fragile and prone to ripping. This was a side-effect of the 
material choice as well as the dependency of the design 
on the surface as a structure with no extra support. This 
was something that could only really be learned through 
the making process itself.
What intrigues me about these responses is how students 
started to consider “multitude of factors” relating to their design 
and making. It highlighted that critical thinking around the 
design problem evolves out of the making experience which 
informed the students’ judgement and evaluation. This model 
of teaching technology allows students to gain a more holistic 
picture of the design problem and juggle abstract concept 
with physical materials and technologies. 
Figure C1.1 Survey results from 
questionnaire. [Images by Loh].
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